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COW1ENTS  ON  ROLE  OF  FEMALE  COSMONAUTS,  OVERCROWDING  ON  ’SALYUT-7' 

Moscow  TRUD  in  Russian  31  Jul  84  p  3 

lArticle  by  I.  Melenevskiy  special  correspondent  at  the  Flight  Control  Center] 

TAbstract]  The  article  gives  an  account  of  activities  at  the  Flight  Control 
Center  during  the  return  to  Earth  of  comsonauts  Vladimir  Dzhanibekov,  Svetlan 
Sav^fakayl  aM  Igor'  Yolk-the  members  of  the  latest  visiting  crew  on  board 
the  orbiting  station  "Salyut-7". 

General-Lieutenant  of  Aviation  Vladimir 

of  comsonaut  training,  and  Doctor  of  Technical  Sciences  K.  P.  Feoktistov  are 
TOOtS  irregard  to  liperlence  amassed  during  the  Joint  work  of  this  crew  and 
the  tfirS-^emLr  primary  crew  of  the  "S.lyut-7"  station.  Shatalov  cemented 
as  follows  on  the  role  and  capabilities  of  women  in  space  missions.  As  has 
Teei  seZ,  conations  on  board  orbiting  stations  of  the  second  generation  are 
such  that  a  woman  can  work  in  sufficiently  comfortable  conditions  there. 
Svetlana  Savitskaya's  two  flights  have  confirmed  this  eloquently.  When  third- 
generation  stations  appear  on  which  living  and 

Ltter,  other  miiced  crews  will  continue  work  on  board  them.  Of  course,  the 
Lll  always  be  a  certain  division  of  labor,  in  my 

best  for  the  installation  of  bulky  structures  and  the  unloading  of  Progress 
spacecraft  to  be  done  by  men.  On  the  other  hand,  onboard  medical  personnel 
Sd  meteorologists  can  be  women.  I  also  don't  rule  out  the 
fllehts  on  stations  by  crews  consisting  entirely  of  women.  The  scientif 
prora^  IS  becoming  pLgresslvely  necessary  to  send  Into  orbit  persons  who  are 
morl  and  more  'narrowly'  specialized,  Among  them  are  a  considerable  number 
Of  women.  We  are  now  convinced  that  they  can  work  in  orbit  just  as  success- 

fully  as  men." 

With  regard  to  practical  problems  encountered  by  the  visiting  crew  and  the 
significance  of  the  latest  space  welding  experiments  in  this  connection, 
FeLtistov  related;  "Overcrowding  already  was  sensed  when  six  pe^^sons  were 
working  on  board  the  station.  When  I.  Volk  wanted  to  run  around  the  track 
in  orbit  this  proved  impossible;  he  would  have  disturbed  the  rest  of  th 
cos^cpauh  If  he  had.  xhs  means  that  spacecraft  with  larger  interiors  are 
Leded  Placing  such  spacecraft  Into  orbit  Is  difficult  and  expensive.  It 
Tslmher  to  assemble  them  In  space.  The  work  done  by  the  visiting  crew 
demonstrated  the  possibilities  for  such  assembling  operations. 
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FURTHER  COMMENTS  ON  'SALYDT-7'  WELDING  EXPERIMENT,  OVERCROWDING 
Moscow  KOMSOMOL ' SKAYA  PRAVDA  in  Russian  31  Jul  84  p  2 

[Article  by  A.  Tarasov  special  correspondent  at  the  Flight  Control  Center] 

[Abstract]  The  article  records  conversations  between  personnel  of  the  Flight 
Control  Center  (TSUP)  and  -members  of  the  crew  of  the  spaceship  "Soyuz  T-12" 
during  the  cosmonauts'  return  from  the  orbiting  station  "Salyut-7".  A  number 
of  specialists  who  were  at  the  center  are  quoted  in  regard  to  the  significance 
of  experiments  which  members  of  this  crew  carried  out  during  their  space 
mission. 


Vladimir  Petrovich  Nikitskiy,  a  TSUP  specialist  and  one  of  the  organizers  of 
the  welding  experiment  which  members  of  the  visiting  crew  performed  outside 
the  space  station,  mentioned  problems  which  he  and  his  colleagues  had  to  solve 
in  this  connection.  For  example,  the  station's  onboard  voltage  had  to  be 
converted  into  voltage  sufficient  to  power  the  electron  gun  of  the  open-space 
welding  unit;  methods  had  to  be  developed  for  controlling,  in  space,  the  high 
temperatures  generated  by  this  unit  and  protecting  the  fabric  of  the  cosmonauts' 
space  suits  against  them;  and  the  size  and  weight  of  units  employed  in  the 
experiment  had  to  be  minimized. 


Valdlmir  Aleksandrovich  Shatalov,  director  of  cosmonaut  training,  and 
cosmonaut  Konstantin  Petrovich  Feoktistov,  an  experienced  project  designer, 
are  identified  as  the  heads  of  a  group  that  is  designing  space  super- 
structurals  at  the  TSUP.  Feoktistov  mentioned  that  physical-^conditionlng 
exercises  on  board  "Sal3mt-7"  were  hampered  by  the  presence  of  six  comsonauts 
on  board  the  station  at  one  time.  He  explained  that  such  exercises  shake 
structures  of  the  station,  which  disturbs  delicate  experiments  that  are  in 
progress.  Welding  methods  of  the  type  used  in  the  latest  experiments  open  up 
possibilities  for  solving  this  problem,  according  to  Feoktistov,  In  the 
future,  they  might  be  used  to  assemble  large  g3nnnasium  complexes  in  orbit  for 
cosmonauts,  for  example. 


FTD/SNAP 
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TASS  REPORTS  COSMONAUTS  IN  ORBIT  175  DAYS 
Moscow  KRASNAYA  ZVEZDA  in  Russian  1  Aug  8A  p  1 


[TASS  Report] 

in  progress  for  175  days* 

=i2-;.=ria:4ac/::: 

and  technical  experiments,  and  washing  the  station  s  rooms. 

Sf  SftirduflS  vSaLIr%XSbiko,°”  Ld  Svetlana  Savitskaya 'a 

egress  into  space. 

y„llo„lng  the  completion  of  the  P-Sr-  of^Joint  ^search Jlg^the 

visiting  „lrt  their  families  were  organised  for 

thirin  lhrconiS  of  sevAal  periods  of  radio  and  television  communications. 

The  condition  of  the  cosmonauts’  health  Is  good,  and  they  are  feeling  well. 

The  flight  of  ““"8  chf^i;IIrtlmrarel“Ia^X°dn«Se 

normally,  lomS ersrmlnL^  distance  from  the  Earth’s 

aurfac^-3«  kllomMerss  period  of  revolution— 91.6  minutes;  inclination— 
51.6  degrees. 
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GEOPHYSICAL  AND  MEDICAL  STUDIES  CONTINUE  ABOAED  'SALYUT-?* 

Moscow  KRASNAYA  ZVEZDA  In  Russian  4  Aug  84  p  1 
[TASS  Report] 

[Text]  Plight  Control  Center,  August  3.  The  prolonged  orbital  flight  of 
Leonid  Kizim,  Vladimir  Solov’yev  and  Oleg  At’kov  is  continuing  on  board  the 
scientific  station  "Salyut-7'', 


The  crew’s  program  of  work  during  the  days  just  past  included  geophysical  and 
medical  studies,  routine  preventive  measures  on  board  the  station,  and  the 
preparation  of  equipment  and  apparatus  for  upcoming  experiments. 

In  accordance  with  assignments  from  specialists  in  various  branches  of  the 
economy,  the  cosmonauts  have  performed  their  latest  series  of  visual  and 
Instrumental  observations  of  the  Earth's  surface.  In  line  with  the  program 
of  geophysical  research,  an  experiment  has  also  been  carried  out  for  the  purpose 
of  determining  the  density  of  aerosol  layers  of  cosmic  origin  in  the  Earth's 
atmosphere.  This  experiment  was  performed  with  the  aid  of  an  electronic 
photometer  and  consists  in  measuring  the  brightness  of  stars  as  they  cross 
layers  of  aerosols, 

A  number  of  medical  studies  have  been  made  for  the  purpose  of  evaluating  the 
condition  of  the  crew's  health  and  working  fitness,  particularly  studies  of  the 
bioelectric  activity  of  the  heart  in  conditions  of  rest  and  of  the  reaction 
of  blood  circulation  to  measured  amounts  of  physical  exertion.  According  to 
results  of  this  examination,  the  cosmonauts  are  in  good  health.  The  commander's 
pulse  rate  is  66  beats  per  minute,  the  flight  engineer's  68  beats  per  minute 
and  the  cosmonaut-researcher’s  60  beats  per  minute.  Their  arterial  pressures 
are  110  over  70,  115  over  65  and  110  over  75  millimeters  of  mercury, 
respectively. 

The  onboard  systems  of  the  orbiting  scientific  research  complex  "Salyut-7"— 
"Soyuz  T-11"  are  functioning  normally. 


FTD/SNAP 
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COStIONA.UTS  PEKPOKM  EVA  POR  TTJEL  LINE  REPAIR 
Moscow  KRASNAYA  ZVEZDA  in  Russian  10  Aug  84  p  1 


I TASS  Report] 

ITectI  night  Control  Cnnter,  Angnot  8  (TASS)--In  ncoorlance  nlth  the 

S&Sr  -1^0-  Vlnai^lr 

Solov'ynr  made  a  sixth  egress  Into  open  space  today. 

They  opened  a  hatch  of  the  station  and  went  outside  It  at  12  =  46  p.m..  Moscow 
time. 

The  cosmonauts  removed  a  portion  of  the  jtnt  °rtth 

the  station's  equipment  compartment  and  shut  off  a  p  p  > 

the  aid  of  a  special  device. 

Before  returning  to  the  station,  the  cosmonauts  rem^^ 
battery  panel  for  subsequent  analysis  by  specialists  on  Earth. 

The  crew's  commander  and  flight  engineer  returned  to  the  if“enSIe 

InJ  out  all  of  the  planned  operations.  The  time  that  they  spent  in  open  space 

was  five  hours. 

IhrSltfon  of  the  health  of  the  orbiting  complex's  crew  is  good. 

The  successful  completion  of  c^plex  muUlple-st^e  l^^^ 

i;eSSorth:“LriSn:\S  ‘^:dSnrspeclal  toom,  am  underwater 
training  exercises  for  the  cosmonauts  in  a  tank. 

lor  the  first  time  In  the  practice  of  manned  flights 

Six  egresses  into  open  space  in  the  course  of  a  single  mission.  Complex 
installation  work  was  carried  out  during  these  egresses,  whose  tot 
duration  was  22  hours  and  50  minutes. 
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Experience  acquired  by  Soviet  cosmonauts  and  specialists  in  the  course  of 
performing  these  unique  operations  in  conditions  of  open  space  will  be 
used  in  the  development  and  operation  of  orbiting  scientific  complexes. 


FTD/SNAP 
CSO:  1866/25 
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SPECIAL  TOOLS  USED  BY  COSMONAUTS  IN  EVA 
Moscow  PRAVDA  in  Russian  9  Ang  84  p  6 


[Article  by  A.  Pokrovskiy  special  correspondent  at  the  Plight  Control  Center] 

TAhstractl  The  article  provides  commentary  on  bT^^lhal  operations  which 
IfsmoSu^s  Leonid  Klslm  Ld  Vladimir  Solov'yev  ^e 

dnSg  their  current  mission  on  board  the  orbiting  station  Salyut  7  . 

Particular  attention  is 

which  the  two  SpLtedly  was  provided  for  these 

the  station.  An  origina  ^  engineers  who  took  part  in  the  develop- 

operations.  0.  Tsygan  renair  work  that  was  done  during  this  egress, 

rratS\r  in:  rs«S:sr2eel  .as  to  he  sealed  shut  in  the 

Lt“"f  one  operation  Pni,ue  e„^^^ 

rs:i;n":Lin:nJeS.^“hL‘rne^tic^ 

SSSUn  ?orcror5%ons!°“Ss^onaut  Tladliir  Dshsnibekov  was  8^^^" 

SinSl  m  the  use  of  the  new  tools,  and  he^auhsegently_instruc«d^Kttrm^a^d 

Solov’yev  during  his  most  recent  also  provided  for 

Iris^e^Lffs  iired 

It'ensu^inglhal  thrnnrremains^'Saled  shut  for  the  duration  of  the  space 
Station’s  flight. 

j  •  ^-p  oneration  which  the  cosiuonants  per— 

A  brief  description  is  given  of  another  ^^3  g^own  a  new  tool 

formed  during  their  egress.  ®  °  r^^lg  tool  reportedly  enabled  the  cosmo- 

which  was  developed  for  this  oP^’^^tion.  “lar^battery  elements 

nauts  to  cut  out  and  remove  a  Portion  of  the  ^^3  ^a^aJed  was  to 

that  an  accelerator,  the  ELT^l.  ,  .  _  v.^e  f^rc?t  ezress  into  open  space. 

cosmonaut  Aleksey  Leonov  emp  oye  g®  ^tlv  employed  in  the  development  of 

Newly  invented  accelerators  were  subsequently  ^pioyea  in  ti 

materials  for  the  space  suits  worn  during  the  latest  egresses. 


utd/snap 
CSO;  1866/25 
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RESULTS  PROM  'SALYUT-7'  BIOMEDICAL  RESEARCH 
Moscow  MEDITSINSKAYA  GAZETA  in  Russian  8  Aug  84  p  4 
lArticle  by  V.  Plshchik  correspondent] 


lAbstract]  The  article  reports  on  results  of  the  first  six  months  of  the 
space  mission  of  cosmonauts  Leonid  Klzim,  Vladimir  Solov'yev  and 
Oleg  At  kov  on  board  the  orbiting  station  "Salyut^V".  Doctor  of  Kedical 
Sciences  A.  1.  Origor’yev,  director  of  the  Institute  of  lledical-Biological 
Problems  of  the  DSSR  Ministry  of  Public  Health,  is  quoted  in  regard  topre- 
iminary  results  of  medical-biological  research  and  experiments  which  the 
cosmonauts  have  bean  conducting. 

Comparing  this  mission  with  earlier  ones,  Grlgor'yev  related  that  the  presence 
physician  At  kov  on  board  the  station  has  made  it  possible  to  lengthen  the 
intervals  separating  days  on  which  comprehensive  medical  examinations  are 
performed  and  to  conduct  medical  research  on  practically  any  day.  Studies 
j  cardiovascular  system  take  up  a  larger  portion  of  the  flight  program 
t^n  during  any  previous  mission.  For  the  first  time  in  space,  the  method  of 

employed  to  evaluate  calcium  metabolism,  using  the 
Blokhlm  instrument.  Studies  of  the  level  of  immunoglobulins  in  blood  serum 
are  expected  to  aid  research  of  changes  in  immunologic  reactivity  that  have 
been  noted  in  participants  in  certain  prolonged  space  missions. 

Grigor'yev  mentioned  that  another  substantial  portion  of  the  cosmonauts’ 
research  program  is  reserved  for  study  of  the  functioning  of  analyzers 
particularly  of  the  organ  of  vision.  Studies  of  the  state  of  oculomotor 
function  and  of  features  of  vestibular-visual  interaction  are  called  potential¬ 
ly  significant  for  purposes  of  preventing  motion  sickness  during  flight  and 
preparing  recommendations  for  the  performance  of  visual  observations  by 
co^onauts.  Commenting  on  the  more  rigorous  physical-conditioning  regimens 
»hlch  the  "Salyut-7"  erew  la  follotrtng,  Grlgor'yev  mentioned  that  “Z- 
nauts  are  performing  regular  exercises  aimed  at  maintaining  the  muscular 
s  rength  of  the  arms  and  the  shoulder  girdle.  These  exercises  have  been  used 
also  for  conditioning  purposes  prior  to  egresses  into  open  space. 


FTD/SNAP 
CSO;  1866/25 
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PKESS  CONFERENCE  ON  RESULTS  OF  ’SOYUZ  T-12'  MISSION 
Moscow  IZVESTIYA  in  Russian  11  Aug  84  p  2 

Svetlana  Savitakaya  and  Igor'  -ffolk-the  cre»  of 

and  the  most  recent  visiting  crew  on  board  the  orbiting  station  Salyu 

rK-;"rjrr.:“S  r  5.:“  =F 

ly  tight  schedule. 

Savltskaya^^^t^  on  ™rk  ake  «d^n^„ 

re:a“^°sLTpotred^t^t“altirere„  tetntned  to  Earth  60  agonies 

containing  fra^lons  of  biological  preparations  which  were 

course  of  the  "Tavriya"  experiments,  together  with  photographic  materials 

and  other  data  from  these  experiments. 

Volk  mentioned  that  the  crew's  program  allotted  50  Pf 

^rscSlS?  Sd  Spe^ents  mr  stndylng 
:He“:nter  spaL  on^he  permeability  f  ^e'^ 

S:ra:^rs^Se:rrellS?S:“o;:f^^^^^^  ^mamg  soLtlons. 
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Specimens  of  suspensions  which  were  prepared  in  the  course  of  this  experi¬ 
ment  hardened  on  board  the  space  station  over  a  period  of  10  days. 

These  specimens  were  subsequently  returned  to  Earth  and  turned  over  to 
specialists  for  study. 


FTD/SNAP 
CSO;  1866/25 
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TASS  REPORTS  LAUNCH  OE  'PROGRESS-23’  CARGO  SHIP 
Moscow  PRAVDA  in  Russian  15  Aug  84  p  2 


ITASS  Report] 

TText]  In  line  with  the  program  for  ensuring  the  further  functioning  of  the 
orMting  sciLtific  statiL  ”Salyut-7'-.  the  automatic 

"ProgreLr'23"  was  launched  from  the  Soviet  Union  on  August  14,  1984, 

10:28  a.m.,  Moscow  time. 

The  purpose  of  the  ship's  launching  Is  to  deliver  materials  that  are  subject 
to  depletion  and  various  cargo  items  to  the  orbiting  station. 

The  "Progress-23"  spaceship  was  placed  into  an  orbit  with  the  parameters: 

The  Progress  p  p  ^h's  surface— 267  kilometers?  minimum  distance 

fromX  S's  surface-194  kilometers;  period  of  revolution-88.8  minutes; 

inclinatlon'~51.6  degrees. 

According  to  telemetry  data,  the  onboard  systems  of  the  automatic  cargo  ship 
are  functioning  normally. 


PTD/SNAP 
CSO:  1866/25 
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'PROGRESS-23'  DOCKS  WITH  'SALYUT-?' 

Moscow  SOVETSKAYA  ROSSIYA  in  Russian  17  Aug  84  p  1 
[TASS  Report] 

[Text]  The  automatic  docking  of  the  caro  spaceship  "Progress-23"  with  the 
manned  orbiting  complex  "Salyut-7"~"Soyuz  T-11"  was  accomplished  on 
August  16,  1984,  at  12;11  p.m.,  Moscow  time. 

The  mutual  search,  approach,  rendezvousing  and  docking  of  the  spacecraft 
were  executed  using  onboard  automation.  These  processes  were  monitored 
by  the  Plight  Control  Center  and  the  crew  of  the  orbiting  complex; 
cosmonauts  Kizim,  Solov'yev  and  At'kov,  The  cargo  ship  docked  with  the 
station  on  the  side  where  its  equipment  compartment  is  located. 

The  "Progxess-23"  ship  delivered  into  orbit  fuel  for  the  station's  combined 
engine  assembly,  equipment,  apparatus  and  materials  for  conducting 
scientific  research  and  for  the  crew's  life  support,  as  well  as  mall. 


According  to  the  crew's  reports  and  telemetry  data,  the  onboard  systems  of 
the  scientific  research  complex  "Salyut-7"—"Soyuz-T-ll"— "Progress-23"  are 
functioning  normally. 

Cosmonauts  Kizim,  Solov'yev  and  At'kov  are  feeling  well. 


FTD/SNAP 
CSO;  1866/25 
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INNOVATIONS  IN  'PROGRESS’  SEPARATION,  'SOYUZ'  RENDEZVOUS 
Moscow  PRAVDA  in  Russian  17  Aug  84  p  3 

I Article  by  V,  Blagov  deputy  flight  director,  USSR  State  Prize  laureate] 

lAbstract]  Describing  the  work  of  the  Plight  Control  Center  at  different 
times  during  the  present  mission  on  the  orbiting  station  "Salyut-:'?  ,  the 
author  notes  two  things  that  differed  from  past  procedures. 

The  first  innovation  was  the  separation  of  a  cargo  ship,  Progress-^^ZZ  ,  from 
the  station  without  firing  engines.  The  separation  of  the  spacecraft  was 
accomplished  with  spring  mechanisms.  The  author  explains  that  this  was  done 
by  way  of  an  experiment,  to  check  whether  any  products  of  combustion  from  the 
burn  of  the  engine  settle  on  surfaces  of  the  solar  batteries  and  thereby 
reduce  their  efficiency.  Following  the  'clean'  separation  of  "Progress-ZZ  , 
the  crew  oriented  the  station  in  different  ways  in  relation  to  the  sun. 

It  is  said  that  no  differences  were  detected  in  the  output  of  the  solar 
batteries  as  a  result  of  the  new  method  as  compared  with  the  old  one. 

The  second  Innovation  pertained  to  the  rendezvousing  of  the  manned  ship 
'Soyuz  T-IZ"  with  the  station.  It  is  said  that  for  the  first  time,  all 
data  from  the  video  display  of  the  arriving  spaceship  were  transmitted  not 
only  to  the  control  center,  but  also  to  the  station.  The  author  says  this 
makes  control  a  mutual  process  and  thereby  more  reliable,  and  predicts  that 
this  newly  tested  TV  channel  may  be  used  in  the  future  for  exchanging  other 
kinds  of  information. 

The  author  also  relates  that  the  last  (sixth)  EVA  performed  by  cosmonauts 
Klzlm  and  Solov'yev  to  shut  off  a  line  of  the  "Salyut-7"  engine's  bacl^p  fuel 
system  was  initially  planned  to  be  done  by  members  of  the  "Soyuz  T^IZ  visiting 
crew.  Klzim  and  Solov'yev  were  successful  in  arguing  that  their  experience 
from  five  previous  EVAs  made  them  the  logical  ones  to  perform  this  task. 


FTD/SNAP 
CSO;  1866/Z5 
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COSMONAUTS  UNLOAD  CARGO,  BOOST  STATION  ORBIT 
Moscow  IZVESTIYA  In  Russian  21  Aug  84  p  4 
[TASS  Report] 

[Text]  Blight  Control  Center,  August  20,  Leonid  Kizlm,  Tladimir  Solov’yev 
and  Oleg  At’kov  are  working  in  near-rEarth  orbit  for  the  195th  day. 

Last  week,  the  work  program  of  the  drew  of  the  scientific  research  complex 
included  medical  examinations  and  biotechnology  and  geophysical  experiments. 

Another  cycle  of  studies  of  the  cosmonauts’  cardiovascular  systems  was 
performed,  using  the  method  of  ultrasonic  probing.  Data  that  were  obtained 
were  transmitted  to  Eatth  during  periods  of  television  communication. 

In  line  with  the  space  biotechnology  program,  an  experiment  was  performed 
in  the  new  electrophoretic  unit  "Genom"  for  the  purpose  of  separating  large 
fragments  of  molecules  of  DNA-^a  carrier  of  genetic  Information  of  living 
organisms , 

Observations  and  photography  of  various  areas  of  our  country  were  continued 
within  the  framework  of  the  program  for  research  of  the  Earth's  natural 
resources  and  study  of  the  environment.  These  areas  included  the  Crimea, 
Krasnodar  Kray,  the  Caspian  lowlands,  republics  of  Central  Asia  and 
territories  adjoining  the  Baykal-Amur  Railroad. 

The  unloading  of  the  transport  spaceship  "Progress-23"  is  continuing.  The 
cosmonauts  have  moved  containers  of  food,  equipment,  new  instruments  and 
scientific  apparatus  into  the  station,  replaced  regenerators  of  the  system 
for  maintaining  the  composition  of  the  gaseous  atmosphere,  and  pumped  drinking 
water  from  a  tank  of  the  cargo  ship  into  the  station’s  tanks, 

A  correction  of  the  manned  complex’s  trajectory  of  movement  has  been  executed, 
using  the  engine  of  "Progress-23".  The  complex’s  orbit  parameters  at  the 
present  time  are:  maximum  distance  from  the  Earth’s  surface — 387  kilometers; 
minlmxim  distance  from  the  Earth’s  surface — 351  kilometers;  period  of 
revolution— 91.7  minutes;  inclination — 51.6  degrees. 

The  station's  combined  engine  assembly  was  refilled  with  oxidizer  from  tanks 
of  the  cargo  ship  today. 
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Tn  the  course  of  the  day,  the  cosmonauts  are  doing  preventive  work  on 
individual  onboard  systems,  performing  experiments  for  measuring  parameters 
of  the  atmosphere  near  the  orbiting  complex,  and  conducting  observations 
and  photography  of  the  Earth’s  surface. 


The  work  in  near-Earth  orbit  is  proceeding  in  accordance  with  the  planned 
flight  schedule. 

The  condition  of  the  cosmonauts’  health  is  good,  and  they  are  feeling  well 


TTD/SNAP 
CSO:  1866/25 
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^GENOM^  ELECTROPHORESIS  EXPERIMENT  ON  'SALYUT-7’ 


Moscow  VECHERNYAYA  MOSKVA  in  Russian  25  Aug  84  p  1 
[TASS  Report] 

[Text]  Flight  Control  Center,  August  24.  Leonid  Kizim,  Vladimir  Solov’yev 
and  Oleg  At^kov  are  continuing  to  carry  out  planned  research  and  experiments 
on  board  the  manned  complex  "Salyutr-7"— :^”Soyuz  T-ll"-r-"Progress-23” . 

During  the  days  just  past,  the  crew  worked  on  unloading  the  transport 
spaceship,  carried  out  medical  examinations  and  performed  technical  and 
geophysical  experiments. 

In  line  with  the  space  biotechnology  program,  a  cycle  of  studies  aimed  at 
separating  fragments  of  molecules  of  DNA,  the  carrier  of  genetic  Information 
of  living  organisms,  has  been  completed  in  the  electrophoresis  unit  "Genom”. 
The  course  of  these  experiments  was  recorded  by  means  of  photography  in 
ultraviolet  light.  About  700  samples  of  DNA  fractions  were  run  off  for 
subsequent  analysis  in  laboratory  conditions. 

In  accordance  with  the  station's  refueling  schedule,  fuel  from  tanks  of  the 
cargo  ship  was  pumped  into  tanks  of  the  station’s  combined  engine  assembly 
today. 

In  the  course  of  the  day,  the  cosmonauts  are  putting  used  equipment  into  an 
emptied  compartment  of  the  "Progress-23"  spaceship,  performing  preventive 
maintenance  on  individual  systems  of  the  station,  and  preparing  scientific 
apparatus  for  upcoming  research.  Also  planned  is  an  examination  of  the 
cosmonauts’  cardiovascular  systems,  using  the  ultrasonic  apparatus  "Ekhograf". 

According  to  the  crew’s  reports  and  telemetry  Information,  the  onboard 
systems  of  the  station  and  both  spaceships  are  functioning  normally, 

Leonid  Kizim,  Vladimir  Solov’yev  and  Oleg  At’kov  are  healthy  and  feeling 
well. 
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ACADEMICIAN  CHAZOV  DISCUSSES  BIOMEDICAL  STUDIES  ON  'SALYUT-7’ 

Moscow  IZVESTIYA  in  Russian  24  Aug  84  p  2 

{Article  by  A.  Ivakhnov  special  correspondent  at  the  Elight  Control  Centerl 

TExcerpt]  The  words  "Period  of  communication  in  progress"  shone  on  a  screen 
over  the  entrance  to  the  main  room  of  the  Elight  Control  Center.  Seated  next 
to  the  flight  director  at  a  control  console  in  this  room  was  academician 
Ye.  I.  Chazov,  general  director  of  the  All-rUnion  Cardiology  Research  Center. 

The  scientist  was  talking  with  cosmonaut-researcher  Oleg  At'kov,  who  was 
preparing  an  experiment  in  space  which  is  very  important  for  science. 

The  academician  answered  journalists'  questions  during  a  break  between 
periods  of  comnninication, 

"What  studies  is  0.  At'kov  conducting?" 

"An  experiment  called  'Membrana'  has  been  performed,  for  example.  Experiments 
conducted  earlier  showed  that  in  an  organism,  the  content  of  calcium  and 
several  other  elements  on  which  the  normal  functioning  of  the  heart  depends 
decreases  during  prolonged  flights.  One  of  the  parts  of  the  cells  of  living 
organisms  is  the  membrane,  which  is  pierced  by  extremely  fine  channels. 
Microelements  enter  and  leave  the  cell  through  these  channels.  Heart 
function  thus  depends  on  the  condition  of  cell  membranes.  The  main  purpose 
of  the  'Membrana'  experiment  is  to  ascertain  how  special  substances  which 
regulate  calcium  metabolism  act  on  membranes.  In  the  future,  these  substances 
may  be  used  not  only  in  space  but  also  on  Earth,  for  the  prevention  and 
treatment  of  certain  illnesses. 

"Right  now,  Oleg  At'kov  is  conducting  still  another  very  interesting  experiment, 
the  'Genom',  As  you  know,  information  which  determines  an  organism's 
formation,  development  reactions  to  all  kinds  of  stimuli  is  coded  in  the 
DNA  molecule.  Scientists  are  intrigned  by  the  possibility  of  separating  DNA 
into  separate  fractions  and  studying  links  of  these  living  chains  individually. 
In  terrestrial  conditions,  this  process  is  very  much  impeded  by  thermal 
convection,  for  example.  The  separation  of  DNA  in  space  conditions  was 
proposed.  A  unique  instrument  was  developed,  and  everyone  is  now  very 
excited  by  the  way  it  is  operating.  But  we  will  not  know  the  results  until 
0.  At'kov  and  his  comrades  return  to  Earth." 
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"What  are  his  functions  as  a  space  doctor?" 

"He  has  plenty  of  other  work  in  this  area  too.  A  set  of  instruments  on  board 
the  orbiting  complex  enables  him  to  perform  extremely  detailed  studies  of  the 
condition  of  the  cosmonauts’  cardiovascular  systems  and  of  a  whole  series  of 
other  organs.  Take,  for  example,  the  echocardiograph  in  whose  development 
Oleg  himself  took  part.  Similar  instruments  which  we  have  here  at  the 
center  weight  50^60  kilograms.  But  the  weight  of  the  instrument  designed  for 
operation  in  space  is  2.5  kilograms.  "Very  interesting  are  studies  aimed  at 
determining  the  optimum  length  of  the  working  day  in  space.  Crews  now  spend 
an  enormous  amount  of  time  doing  physical  exercises.  Physical  exertion 
stimulates  the  functioning  of  Internal  organs  and  prevents  muscles  from 
growing  unaccustomed  to  Earth’s  gravity.  But  what  kind  of  exertion  should 
this  be,  and  would  it  be  possible  to  increase  it  while  simultaneously 
shortening  the  time  spent  on  exercises?  Any  experiments  for  this  purpose 
can  be  conducted  only  with  the  direct  participation  of  a  physician  to  care'^ 
fully  monitor  the  condition  of  all  of  the  organs  of  the  cosmonauts  who  are 
the  test  subjects." 
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COSMONAUTS  PASS  200  DAY  MARK  ON  ’ SALYUT-7 ' 
Moscow  PPAVDA  in  Russian  27  Aug  84  p  1 


ITASS  Report! 

ITextl  Fllglit  control  Center,  Angnat  26.  Following  tte  completion  of  tlie 
nrogram  of  joint  flight,  the  automatic  cargo  ship  Progress-23  was 
separated  from  the  manned  complex  "Salyut-7’’--"Soyuz  Tr-1  to  ay  a  * 

Scow  time.  The  undocking  and  departure  of  the  spaceahlp  were  monitored 

by  the  Plight  Control  Center  and  the  crew. 

During  the  joint  flight,  all  planned  operations  were^carried  out  in 
their  entirety;  unloading,  refueling  of  the  station  s  combined  engine 

asaemhly.  and  pumping  of  drinking  water,  /2S“he”ald  ofthrcSgo 

complex's  trajectory  of  movement  were  executed  with  the  aid  of  tne  cargo 

ship's  engine. 

Leonid  Kizim,  Vladimir  Solov'yev  and  Oleg  At'kov  have  completed  their 
200th  day  of  work  on  board  the  ”Salyut-7"  station. 

Medical  examinations  and  geophysical  experiments  were  performed  today  in 
accordance  with  the  program. 

The  reactions  of  the  cosmonauts'  cardiovascular  systems  to  simulated  hydro- 
“atSpreLura  created  with  the  aid  of  the  "Chlbls"  vacuum  auit  were 
evaluated  in  the  course  of  a  medical  examination, 

Tn  line  with  the  program  of  research  of  the  Earth's  natural  resources  and 
i?udy  of  the  environment,  the  crew  performed  a  series  of  boservations  and 
photography  of  individual  regions  of  our  country's  territory,  using  hand-held 

cameras  and  spectrometers  # 

The  onboard  systems  of  the  manned  complex  and  the  automatic  transport 
spaceship  are  functioning  normally.  The  cosmonauts  are  feeling  w 
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TASS  REPORTS  DESTRUCTIVE  REENTRY  OR  ^PROGRESS^23 ’ 


Moscow  SOTSIALISTICHESKAYA  INDUSTRIYA  in  Russian  29  Aug  84  p  1 
[TASS  Report] 

[Text]  Plight  Control  Center,  August  28.  The  flight  of  the  automatic 
transport  spaceship  ”ProgressT-23",  which  was  launched  into  near^Earth 
orbit  on  August  14,  1984,  has  ended. 

Today  on  cornmands  from  the  Control  Center,  the  ship  was  oriented  in  space, 
and  its  engine  was  fired  at  5;28  a.m.,  Moscow  time.  As  a  result  of  braking, 
the  **Progress~23^^  ship  went  into  descending  trajectory,  entered  the  dense 
layers  of  the  atmosphere,  and  ceased  to  exist. 

Cosmonauts  Leonid  Kizim,  Vladimir  SolovV^  s^d  Oleg  At^kov  are  continuing 
planned  work  on  board  the  manned  scientific  research  complex  ”Salyut-7**-- 
”Soyuz  T-11”,  Scheduled  for  today  are  geophysical  experiments,  physical 
exercise  and  a  televised  report. 

Another  medical  examination  of  the  crew  was  conducted  yesterday.  The 
cosmonauts  are  healthy  and  are  feeling  well. 

The  research  program  in  near-Earth  orbit  is  being  carried  out  successfully. 


FTD/SNAP 
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TASS  REPORTS  ’BLACK  SEA’,  ’GYUNESH’  EXPERIMENTS 
Moscow  YECHERNYAYA  MOSKVA  in  Russian  30  Aug  84  p  1 


[TASS  Report] 

[Text]  Flight  Control  Center.  August  29.  Leonid  Kizto,  ^aditnir  SolovV^ 
aL  Oleg  At^kov  are  continuing  to  perform  planned  research  and  experime 
on  board  the  manned  complex  ''Salyut-7"— "Soyuz  T-11  . 

In  line  with  the  "Intercosmos"  program  of  international  cooperation  in  the 
fLlfof  the  study  and  use  of  outer  space  for  peaceful  purposes,  a  c^pre- 
hensive  experiment.  "Black  Sea"  and  an  aerospace  experiment,  Gyunesh  , 
were  performed  on  August  28  and  August  29,  respective  y. 

Snecialists  of  the  People’s  Republic  of  Bulgaria,  the  Ge^an  Democratic 
Republic,  the  Polish  People’s  Republic  and  the  Soviet  Union  took  part 
the  preparation  of  the  "Black  Sea"  experiment. 

The  "Black  Sea"  experiment  is  being  conducted  for  the  purpose  of  working  out 
^ethodolocicS  problems  of  remote  determination  of  characteristics  of  water 
sSaces.  InLvidual  regions  of  the  Black  Sea  were  photographed  s^ltaneously 
from  the  "Salyut-7"  station,  the  specialized  oceanographic  satellie  osmo 
1500",  laboratory  airplanes  and  the  scientific  research  ships  Tiikhail 
Lomonosov"  and  "Professor  Kolesnikov". 

Data  obtained  in  the  course  of  this  experiment  will  make  . 

op^imizrthe  operation  of  satellite  systems  for  observing  the  ocean  in  the 
iLerests  of  tL  economies  of  countries  taking  part  in  the  Intercosmos 

program. 

Together  with  Soviet  scientists,  specialists  of  the  People’s  Republic 
of  Bulgaria,  the  Hungarian  People’s  Republic,  the  ’ 

the  Republic  of  Cuba,  the  Monogolian  People  s  Republic,  the  Poll  ^  P 
Republic  and  the  Czechoslovak  Socialist  Republic  took  part  n  carrying  ou 
"S^^neL"  experiment,  which  was  performed  in  line  with  the  program  of  an 
inSrnational  space  project  called  "Study  of  Geosystem  Dynamics  by  Remote 

Methods". 
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Photography  and  spectrometry  of  the  Earth’s  surface  from  the  "Salyut-7" 
station  were  accompanied  by  simultaneous  photographing  from  laboratory 
airplanes  and  mobile  observation  posts,  which  was  performed  with  the  aid  of 
optical  and  radio-physical  apparatus  developed  and  manufactured  in  countries 
taking  part  in  the  "Intercosmos"  program. 

Results  of  this  experiment  will  be  used  in  the  preparation  of  long-term 
forecasts  in  various  branches  of  the  economies  of  member-countries  of  the 
Council  for  Mutual  Economic  Aid.  These  results  will  also  find  use  in  the 
development  of  new  equipment  for  remote  sensing  of  the  Earth. 


ETD/SNAP 
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COSMONAUTS  PARTICIPATE  IN  MULTILEVEL  REMOTE  SENSING  EXPERIMENT 
Maku  BAKINSKIY  RABOCHIY  in  Russian  30  Aug  84  p  3 


[Article  by  N.  Barskiy  correspondent] 

[Text]  In  space,  in  the  air  and  on  the  ground,  an  international  experiment 
is  being  conducted  for  the  study  of  natural  resources  by  remote  methods. 

On  August  29,  scientists  and  specialists  of  the  USSR,  Bulgaria,  Hungary, 
the  German  Democratic  Republic,  Poland  and  Czechoslovakia  began  work  at  a 
scientific  test  range  in  the  northwestern  part  of  the  Azerbaydzhan  republic 
SmStanLusly  with^he  crew  of  the  -'Salyut-7'V.."Soyuz  T-ll’'  manned  complex. 

The  experiment  is  being  conducted  at  the  Azerbaijan  Academy  of  Sciences 
Institute  for  the  Study  of  Natural  Resources  from  Space— the  coordinator  of 
ground-based  studies  under  the  "Intercosmos"  program. 

While  L.  Kizim,  V.  Solov’yev  and  0.  At'kov  were  conducting  photography  and 
spectrometry  of  the  republic’s  territory  from  orbit,  other  participants  in 
tL  experiment  recorded  the  spectral  characteristics  of  natural  objects  in 
the  Sheki  and  Zakataly  rayons  and  at  the  Mlngechaur  Reservoir.  e 
space  experiment  consisted  of  studies  conducted  at  several  levels,  ranging 
from  equipment  in  orbit  and  instruments  on  board  airplanes  and  l^elicop  , 
to  a  ground-based  automated  informatlon-and-measurement  complex  which  was 
designed  in  Baku  and  had  been  used  successfully  before  in  study  of 

natural  resources  of  the  USSR,  Bulgaria,  Hungary  and  Czechoslovakia. 

The  scientific  purpose  of  the  project  is  the  development  and  perfection  of 
the  scientific-methodological  and  physical-technical  bases  of  environmental 
studies  from  space.  Its  applied  aspect  is  to  provide  farmers  with  recom¬ 
mendations,  maps  and  charts  for  the  rational  use  of 

pastures  and  reservoirs  based  on  study  of  mountain^eadow,  forest  and  ^al^y 

geosystems.  The  materials  obtained  from  the  manned  complex,  correla  e 

data  from  aerial  photography,  ground-based  observations  and  other  studies 

conducted  by  scientists  with  equipment  from  member  countries  of  the 

for  Mutual  Economic  Aid,  will  make  it  possible  to  develop  a  unified  methodology 

for  the  study  of  the  Earth  from  space. 

The  Soviet  and  foreign  participants  of  the  international  experiment  are  opening 
up  another  path  for  the  peaceful  utilization  of  space. 
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FURTHER  DETAILS  ON  ^GnJNESH-84'  EXPERIMENT 


Baku  VYSHKA  in  Russian  1  Sep  84  p  2 

[Article  by  N.  Barskiy  special  correspondent  (Sheki)] 

[Excerpt]  Somewhere  high  above  the  clouds,  the  crew  members  of  the 
”Salyut-7’^-^”Soyuz  T^ll’’  manned  orbiting  complex  are  keeping  watch  in 
space,  while  at  the  same  time  on  the  territory  of  Azerbaijan  the 
participants  of  the  international  aerospace  experiment  "Gyunesh-84^’  are 
working  with  them. 

Our  helicopter,  which  for  the  experiment  has  been  converted  into  a 

flying  laboratory,  is  transporting  a  mixed  crew  of  scientists  and  reporters 
from  the  Adzhinourskaya  Steppe  to  the  Alazan^-Agrichay  "Valley.  A  pasture 
near  the  village  of  Ashagy-Geynyuk  in  the  Shekl  Rayon  has  been  transformed 
into  a  test  range  where  scientists  from  different  countries  are  perfecting 
methods  of  recording  information  from  the  space  station  and  are  testing 
equipment  for  measuring  the  temperature,  moisture  and  other  parameters  of 
soils  and  the  air  and  for  the  study  of  natural  features. 

Here,  among  the  wildflowers,  an  observation  station  is  set  up  on  a  heavy 
truck.  This  is  where  the  information  from  AN-30  and  AN-2  airplanes  and  from 
helicopters  is  received  and  is  entered  into  the  computer  memory  of  the 
ground-based  measuring-instrument  complex.  "Nika”,  as  the  scientists  call 
the  complex  for  short,  has  already  functioned  efficiently  in  Hungary,  Poland 
and  Czechoslovakia.  Developed  by  specialists  of  the  Azerbaijan  Academy  of 
Sciences’  Institute  for  the  Study  of  Natural  Resources  from  Space,  it  has 
now  become  a  mobile  laboratory  for  the  measurement,  gathering,  preliminary 
processing  and  transmission  of  data  on  environmental  parameters. 

At  a  press  conference  in  Sheki,  V.  A.  Lyakhov  and  L.  I.  Popov,  pilot -cosmonauts 
of  the  USSR,  gave  high  praise  for  the  international  experiment  now  under  way 
on  the  territory  of  Azerbaijan. 

(A  photograph  is  given  showing  Popov  and  Lyakhov  with  two  other  participants 
in  the  experiment,  N.  A.  Gullyev,  vice-president  of  the  Azerbaijan  Academy 
of  Sciences,  and  A,  N.  Shutko,  USSR  State  Prize  laureate.) 
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’SALYUT-?*  ONE  OE  SEVEN  LEVELS  IN  'GYUNESH.-84'  EXPERIMENT 
Moscow  IZVESTIYA  In  Russian  5  Sep  84  p  6 

lArticle  by  V.  Arsen’yev  and  Sh,  Medzhidov  correspondents] 

T Abstract]  The  article  is  a  report  from  the  Sheki-Zakatallnskiy  Scientific 
Survey  Ilange  in  Azerbaijan  republic  during  the  ^ 

experiment  called  "Gyunesh-84” ,  in  which  features  of  land  and  bodies  of  water 
were  examined  with  the  aid  of  aerospace  technology,  including  ^ 

station  "Salyut-'7".  Various  sites  of  the  experiment  and  procedures  employ 
are  identified,  and  comments  of  some  participating  scientists  are  recorded. 

It  is  noted  that  the  Sheki-Zakatalinskiy  range  covers  an  area  200  by  60 
kilometers.  It  is  said  to  be  unique  in  that  elevations  from  100  to  3,500 
deters  are  found  here,  and  six  of  the  planefs  12  cltoatic  zones  are  repre. 
sented  on  its  territory,  from  the  semi-arid  zone  to  the  mountain  tundra. 

S  addition  to  the  spaL  station,  airplanes  and  hellcopt«s  carrirf  Instruments 
which  recorded  characteristics  of  the  water  and  soil 

cover.  The  authors  explain  that  measurements  from  different  l^els  of  the 

atmosphere  help  to  make  allowances  for  distortions  caused  thir^Seri- 

in  photographs  of  the  Earth's  surface  taken  from  space,  and  in  this  experi 
ment  there  were  seven  such  levels,  with  the  "Salyut-7”  station  representing 
the  uppermost  one.  At  the  bottom  level  was  a  variety  of  ground-based  equip¬ 
ment,  deluding  a  mobile  laboratory  called  the  NIKA,  which  is  an  acron^  of 
the  Russian  words  for  'ground-based  automated  comprehensive  measurements. 

The  article  records  comments  of  Doctor  of  Technical  Sciences  T.  Ismailov, 
eeneral  director  of  the  Azerbaijan  Academy  of  Sciences  Research  and 
Production  Association  for  study  of  Natural  Resources  from  Space,  which 
coordinated  all  of  the  operations  in  the  air  and  on  the  ground.  He 
explained  that  the  experiment's  name  "Gyunesh  means  sun  in  Azeri,  an 
this  was  significant  because  the  sun's  rays  reflecting  off  natural  objects 
carries  information  that  was  recorded  in  the  experiment  by  spectrometers, 
infrared  radiometers  and  imagers,  and  other  instruments. 
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SCIENTmC  DIHECTOK  ON  RESULTS  OP  'GYUNESH-84'  EXPERITIENT 

Hoscow  SOTSIALISTICHESKAYA  INDUS TRIYA  in  Russian  9  Sep  84  p  2 

iText]  Sheki,  Azerbaijan  SSR.  From  heights  beyond  the  clouds  to  the  grain 
fields  of  Azerbaij an-r'such  was  the  scope  of  the  studies  of  the  international 
aerospace  experiment  "Gyunesh’’  which  has  been  completed  at  the  Shekl- 
Zakataly  Survey  Range.  The  study  of  natural  systems  by  methods  of  remote 
examination  of  the  Earth  was  conducted  under  the  "Intercosmos"  program  by 
scientists  of  the  USSR,  Bulgaria,  Hungary,  the  German  Democratic  Republic, 
Poland  and  Czechoslovakia,  with  the  participation  of  cosmonauts  L.  Kizim, 

V.  Solov’ye^  and  0,  At'kov, 

T.  Ismailov,  general  director  of  the  Azerbaijan  Academy  of  Sciences'  research 
and  production  association  for  space  research  and  the  scientific  director  of 
the  experiment,  commented  on  its  results: 

"In  the  course  of  the  experiment,  variants  of  performing  ground-based  and 
airborne  studies  coinciding  with  ones  done  on  the  manned  orbiting  complex 
were  perfected.  For  this  purpose,  laboratory  airplanes  of  the  USSR  Academy 
of  Sciences'  Institute  of  Radio  Engineering  and  Electronics  and  of  other 
scientific  institutions  were  used,  as  well  as  a  ground-based  automated  in- 
formatlon-and -measurement  complex  designed  in  Baku,  and  equipment  designed 
by  scientists  and  specialists  of  member  countries  of  the  Council  for 
Mutual  Economic  Aid. 

"In  addition  to  basic  problems  of  perfecting  methods  for  studying  the  en¬ 
vironment  from  space,  a  number  of  tasks  of  economic  Importance  were  solved. 

In  the  course  of  the  experiment  maps  were  made  of  the  distribution  of  mineral 
salts  in  Lake  Adzhlnour,  which  is  in  the  northwest  part  of  Azerbaijan, 
Specialists  of  the  State  Grain  Fram  imeni  Ordzhonikidze,  which  is  the 
republic's  largest,  received  maps  of  soil  moisture  content  in  fields  of  their 
farm.  Spectrometry  of  farm  crops  was  done,  and  the  biochemical  composition 
of  the  water  of  the  Mingechaur  Reservoir  was  analyzed," 
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UKRAINIAN  INSTITUTE’S  ROLE  IN  SPACE  ELECTROPHORESIS  STUDIES 
Kiev  PRAVDA  UKRAINY  in  Russian  2  Sep  84  p  2 

TArticle  by  7.  Babskiy.  Laboratory  head,  Ukrainian  Acadmy  of  Sciences' 
Institute  If  Holecular  Biology  and  Genetics,  Ukrainian  State  Prize 

laureate] 

TAbstract]  The  author  comments  on  methods  and  purposes  of  electrophoresis 
Slch  cosmonauts  have  been  conducting  in  the  "I-vriya"  unit 
,7Sf“MtIng  station  ■•Salyut-7".  hUxalnlan  organizations  »Uch  have  had 
a  role  in  the  space  electrophoresis  research  are  identifi  . 

Vkr Allan  Academy  of  Sciences’  Institute  of  Molecular  Biology  and  Genetics 
Ukrainian  acaaemy  Electrophoresis  specialists  of  the 

was  one  of  the  initiators  ^  4  4-  These  specialists  were  under 

Crimean  Medical  Institute  were  enlisted  in  it,  Thes  p  -,ti.rainlan 

1.  J4  nf  r  V  Troitskiv.  corresponding  member  of  the  Ukrainian 

the  direction  of  G.  T.  TroitsKiy,  corr  p  6  "Tavriva"  unit  was  named  in 

sSifer titu  es  repoxt^diy  w^a  involved 
in  the  latest  series  of  experiments  performed  on  board  Salyut  7  , 
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'SALYUT-7'  COSIIONAITTS  COMPLETE  208  DAYS  IN  ORBIT 
Moscow  7ECHERNYAYA  MOSKVA  In  Russian  4  Sep  84  p  1 
[TASS  Report] 

[Text]  "Fllglit  Control  Center »  September  3,  Leonid  Kizim^  Vladimir  Solov’yev 
and  Oleg  At'kov  have  been  working  in  nearr-Earth  orbit  for  208  days.. 

The  cosmonauts  have  made  the  last  photographs  in  line  with  the  programs  of 
the  international  aerospace  experiments  "Chernoye  more"  (Black  Sea)  and 
Gyunesh".  Photography  and  spectrometry  of  waters  of  the  Black  Sea  and  of 
the  Shekfr'Zakatal'skiy  Scientific  Test  Range  in  the  Azerbaydzhan  SSR  were 
conducted  from  the  "Salyut-7"  station  and  by  subsatellite  means  of  measure¬ 
ment  equipped  with  instruments  developed  and  manufactured  in  countries 
participating  in  the  "Intercosmos"  program. 

The  crew  of  the  orbiting  complex  has  begun  a  series  of  astrophysical  studies 
of  xr^ray  sources  in  the  constellations  Sagittarius  and  Cygnus,  and  in  the 
Crab  Nebula,  Measurements  are  being  made  with  apparatus  delivered  to  the 
station  by  the  "Progress-23"  cargo  ship. 

In  line  with  the  plan  of  medical  examinations,  an  experiment  called  "Sport" 
is  being  conducted  today,  Its  purpose  is  to  evaluate  the  effectiveness  of 
various  conditioning  regimens  on  the  health  and  physical  working  fitness  of 
the  cosmonauts  in  the  course  of  prolonged  orbital  flight. 

According  to  results  of  telemetry  measurements  and  reports  from  orbit,  the 
onboard  systems  of  the  manned  scientific  research  complex  "Sal3rut— 7"— — 

"So3mz  T-11"  are  functioning  normally. 

Cosmonauts  Leonid  Kizim,  Vladimir  Solov*yev  and  Oleg  At’kov  are  healthy 
and  are  feeling  well. 
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TASS  REPORTS  'SALYUT-7’  COSMONAUTS  SET  NEW  ENDURANCE  RECOED 
Moscow  GUDOK  In  Russian  8  Sep  84  p  1 


I TASS  Report] 

iText]  Plight  Control  Center,  September  7.  Cosmonauts  Leonid  Kizim, 
Vladimir  Solov’yev  and  Oleg  At’kov  have  been  working  in  near-Earth  orbit 
flrnZ  days.  ?oday  they  surpassed  the  achievement  of  Anatoliy  Berezovoy 
and  Valentin  Lebedev,  who  made  an  orbital  mission  lasting  211  days  in  198  . 

Astrophyslcal  experiments  are  continuing  on  board  the  scientific  Research 
1 ’’Sovuz  T’-ll”#  The  purpose  of  these  experiments  is  to 

of  gaSL  ais  ktragaLoJlc  sources  of  .-radiation  In  a 

The  cosmonauts  pLformed  several  cycles  of  studies  of  the  Crab  Nebula 
yLterday,  and  the  constellation  Cygnus  has  been  selected  as  the  object  of 

observations  today. 


In  the  course  of  the  day, 
in  line  with  the  program 
study  of  the  environment, 
systems  of  the  station. 


the  crew  will  perform  a  series  of  experiments 
of  research  of  the  Earth’s  natural  resources  and 
and  it  is  doing  preventive  work  on  individual 


All  of  the  crew's  members  underwent  a  comprehensive  medical  examination 
thi  dLriuS  past.  Reactions  of  their  cardiovascular  systems  to  emulated 
hydrostatic  prLsure  created  with  the  "Chlhls"  vacu^  suit  were 
in  particular.  Physiological  parameters  were  recorded  with  the  multifunctiona 
apparatL  "Reograf",  "Aelita"  and  "Ekhograf".  According  to  results  of  medical 
Storing  and  reports  from  orbit,  Leonid  Klzlm,  Uladteir 

Oleg  At'tev  are  maintaining  high  working  fitness  and  a  good  state  of  healt  . 


The  longest  manned  flight  in  the  history  of  cosmonautics  is  continuing 
successfully. 
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MDICAL  DIRECTOR  ON  COSMONAUTS’  PHYSICAL  CONDITION  AFTER  212  DAYS 
Moscow  SOVETSKAYA  ROSSIYA  in  Russian  7  Sep  84  p  1 

[Article  by  B,  Gerasimov,  correspondent  at  the  Flight  Control  Center] 

[Abstract]  The  article  reports  on  activities  of  cosmonauts  Leonid  Klzim, 
Vladimir  Solov’yev  and  Oleg  At’kov  as  their  mission  on  board  the  orbiting 
station  "Salyut-7"  was  approaching  a  record  duration  of  212  days. 

A.  D.  Yegorov,  one  of  the  directors  of  the  medical  program  for  the  mission, 
is  quoted  in  regard  to  the  cosmonauts’  health  and  physical  condition.  He 
reported  that  the  cosmonauts  had  been  weighed  recently.  It  was  found  that 
one  of  them  had  gained  1,5  kilograms,  while  another  was  slightly  thinner,  and 
the  weight  of  the  third  remained  the  same.  Yegorov  observed  that  these  changes 
are  of  little  consequence,  and  that  medical  support  specialists  are  primarily 
Interested  in  changes  in  muscularf'tlssue  mass.  Although  some  changes  have 
been  observed  in  this  respect,  they  are  within  safe  limits.  Yegorov  men- 

that  the  cosmonauts  have  been  taking  all  the  vitamins  prescribed  for 
them,  but  they  have  not  touched  their  supply  of  medicines.  None  of  the 
crew  has  suffered  from  Influenza,  acute  respiratory  Illnesses  or  angina. 

Each  crew  member  reportedly  spends  two  hours  a  day  doing  physical  exercise. 
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’SALYUT-7'  COSMONAUTS  CONTINUE  ASTROPHYSICAL ,  MEDICAL  RESEARCH 
Moscow  IZVESTIYA  in  Russian  15  Sep  84  p  1 


ITASS  Report] 

c?  “.1; 

orbit . 

t.  •  oi  were  carried  out  on  board  tbe  manned 

several  f,f  i„  the  days  Just  past.  With  the  aid  of  the 

Ss'pe-spStrometer  "Siren'",  which  ctvray 

l:re/:^1alIcJic  °e^=itrririr™a-^d  in  thl  consteua. 

tions  Sagittarius  and  Cygnus, 

,  4-  i-T.^  t-imP  is  reserved  for  medical  examinations  of  the 

Today  a  large  part  of  the  tim  for  the  purpose  of  measur- 

crew!  in  the  worning  an  erperla.ent  was  J^/”'“’stndies 

ing  the  coBposl^on  of  ” .  cosmonant-researchers  Oleg  At’kov 
of  acuity  and  depth  of  vision  are  p  commander  and  the  flight  engineer, 

will  take  samples  the  biochemical  composition  and  of  water- 

salt  metabolism  in  he  perfo^ed  for  the 

'«  experiments,  the  cosmonauts  will  carry 

complex. 

well . 
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*SALYUT-7’  COSMONAUTS  WORK  WITH  RS-l?  AND  GSPS  X-RAY  TELESCOPES 
Moscow  PRAYDA  In  Pcussian  21  Sep  84  p  6 

[Article  by  A.  Pokrovskiy,  special  correspondent  at  the  Flight  Control 
Center] 

[Excerpt]  The  ''Mayaki"  ["Soyuz  T-10  cosmonauts]  began  installation  work 
iimediately  after  unloading  the  spaceship  "Progress-23".  It  was  not  the 
first  time  that  Leonid  Kizim,  Tladimir  Soloy’yev  and  Oleg  At'kov  had  done 
duty  as  space  installation  workers.  But  this  time  they  also  had  to  prepare 
a  working  place  for  themselves,  so  that  they  could  perform  the  role  of 
astrophysicists.  The  reason  was  that  "Progress-23"  had  delivered  two  x-ray 
telescopes  to  the  station. 

One  of  them,  the  RS-17 ,  was  built  in  Baku,  This  instrument  is  a  result  of 
cooperation  between  specialists  of  the  USSR  Academy  of  Sciences'  Institute 
of  Space  Research  and  the  Azerbaijan  Academy  of  Sciences'  Research  and 
Production  Association  for  Space  Research.  The  other  Instrument,  the  GSPS 
(gas  scintillation  proportional  spectrometer) ,  is  the  latest  arrival  from 
France  on  board  "Sal^t!!'7",  Thus  was  laid  the  technical  foundation  for  the 
experiment  called  Siren'"— T>spectrometric  research  of  x— ray  sources. 

Soon  after  the  [Soviet-French  manned]  mission,  Leonid  Kizim  and  Vladimir 
Solov'yev,  who  were  back-ups  to  the  crew  of  Vladimir  Dzhanlbekov,  Aleksandr 
Ivanchenkov  and  Jean-Loup  Chretien,  visited  the  Toulouse  space  center  with  the 
three  crewmen.  At  that  time  J,  C.  Yousson,  director  of  this  center,  praised 
highly  this  crew's  work  with  the  French  Instrument  "Piramig",  which  is  in¬ 
tended  for  photographing  space  objects.  He  added  that  he  would  like  to  re¬ 
ceive  more  materials  of  this  kind.  Kizim  and  Solov'yev  kept  a  modest  silence 
then.  They  are  now  responding  with  deeds  to  the  wishes  of  many  scientists 
who  are  working  in  the  field  of  x-ray  astronomy. 

"The  'Mayaki'  are  working  very  confidently,"  related  0,  Prilutskly  and 
A.  Melloranskiy,  associates  of  the  USSR  Academy  of  Sciences'  Institute  of 
Space  Research,  They  have  already  completed  46  sessions,  observing  the  most 
interesting  x-ray  sources,  particularly  in  the  Crab  Nebula  and  the  constella¬ 
tion  Cygnus," 


32 


The  two  instruments  complement  one  another.  The  GSPS  has  high  resolving  power, 
while  the  RS-17  receives  so-called  hard  x-radiation,  i.e.,  the  photons  which 
have  the  greatest  energy  in  this  range. 

"Scientists  now  think  that  x-radiation  accompanies  the  final  stages  of 
the  evolution  of  certain  stars,  as  well  as  processes  which  lead  to  the 
death  of  giant  stars,"  commented  R.  Syunyayev,  head  of  the  department  of  high- 
energy  astrophysics  of  the  Institute  of  Space  Research. 
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COMMENTS  ON  RS-17  X-RAY  TELESCOPE 


Baku  VYSHKA  in  Russian  6  Oct  84  p  3 

lExcerpt]  As  has  already  been  reported,  in  the  course  of  their  237^day 
mission,  the  longest  in  history,  Leonid  Kizim,  Vladimir  Solov*yev  and 
Oleg  At'kov  worked  synchronously  with  scientists  of  the  USSR  and  countries 
of  the  socialist  commonwealth  while  performing  the  space  experiment 
Cyunesh'.  It  was  conducted  in  the  Shekl^-Zakataly  survey  area  of  the 
Azerbaijan  Academy  of  Sciences. 

The  participation  of  Azerbaijan  scientists  in  the  record  near-Earth  flight 
was  not  confined  to  this  experiment,  however.  An  original  instrument,  the 
x-ray  telescope  RS-17,  was  on  board  the  "Salyut-7"  station.  This  instrument 
was  developed  in  creative  collaboration  by  specialists  of  the  USSR  Academy 
of  Sciences*  Institute  of  Space  Research  and  the  Azerbaijan  Academy  of 
Sciences  Research  and  Production  Association  for  Space  Research,  the  first 
institute  of  its  kind  in  the  country.  The  RS— 17  was  manufactured  in  Baku. 

E.  Yu,  Salayev,  president  of  the  republic  Academy  of  Sciences,  commented  on 
this  fact  at  the  request  of  a  correspondent : 

’X-ray  telescopes,  particularly  the  RS— 17 ,  record  radiation  in  an  extremely 
wide  range  of  energies— 2,000  to  800,000  electron  volts.  These  telescopes 
make  it  possible  to  observe  black  holes,  x-ray  pulsars  and  other  objects, 
such  as  those  in  the  constellation  Cygnus  and  the  Crab  Nebula.  Such  studies 
are  helpful  primarily  in  gaining  a  knowledge  of  the  history  of  the  Earth's 
formation  and  development  as  a  planet.  But  they  are  Important  also  for 
obtaining  data  on  the  state  of  plasma  and  thermonuclear  reactions  in  objects 
that  are  observed.  This  is  necessary  so  that  information  which  is  amassed 
can  be  utilized  in  the  future  in  the  development  of  highly  effective  thermo¬ 
nuclear  units,  which  will  be  so  essential  for  solving  the  acute  problem  of 
the  energy  crisis  in  our  life  on  Earth," 

(A  photograph  is  given  showing  senior  project  engineer  Ali  Aliyev  and  a 
technician  working  on  the  telescope.) 
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TASS  EEPOETS  COSMONAUT  ACTIVITY  TOR  DAY  227  IN  ORBIT 
Moscow  IZVESTIYA  in  Russian  22  Sep  84  p  1 


[TASS  Report] 

o  4.  91  TVip  flieht  of  the  crew  of  the 

[Text]  Tlight  Control  Center,  S^t^bern^^Th^^f^^^g^^^  longest  one  in 

scientific  research  comply  Le^id  Kizim,  Vladimir  Solov’yev  and 

“tS?;  r27rdiroT;or5:Tn  onter  s;ace. 

X.e  of  -«oph.oical  e^er^ents 

"Siren”’,  which  was  developed  by  Soviet  ana  Jjren  y  ^  ^^ray 

soScfsIf  gSactiranf  S^r^SrircSrorilirin  the  constellations  Sagittarius 
and  Cygnus,  and  in  the  Crab  Nebula, 

The  crew’s  work  g^stm^^reJlSmiS^o^LSlLs  and 

LTentory  of  equipment  and  Instruments ,  and  physical  erercxse 
exercise  bike  and  running  treadmill. 

p^r^^irSl^ndjSltL'feiirerltife™!^^^^ 

by  remote  methods. 

According  to  the  cren's  reports  “<>  “;„'^,"traS'ffeUng  well, 

orbiting  complex  are  functioning  normally.  The  cosmonauts 
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TASS  REPORTS  COSMONAUTS  BEGINNING  PREPAPJkTIONS  POR  RETURN 
Moscow  IZVESTIYA  in  Russian  26  Sep  84  p  6 
[TASS  Report] 

[Text]  Plight  Control  Center,  September  25,  The  33rd  week  of  the  orbital 
flight  of  Leonid  Kizim,  Vladimir  Solov’y®^  and  Oleg  At'kov,  the  crew  of  the 
scientific  research  complex  "Salyut-7'V-"Soyuz  T-11",  is  coming  to  an  end. 

Today  the  cosmonauts  will  conduct  another  medical  examination;  their 
pulses,  arterial  pressures  and  respiration  rates  will  be  measured,  and  electro¬ 
cardiograms  will  be  made. 

Also  planned  are  technical  experiments  for  measuring  characteristics  of  the 
atmosphere  in  the  immediate  -vicinity  of  the  orbiting  complex.  The  crew 
will  rest  for  a  portion  of  the  day.  Daily  physical  exercises  are  receiv¬ 
ing  much  attention  over  the  course  of  the  entire  prolonged  flight,  Por  th.e 
purpose  of  preparing  for  the  return  to  Earth.,  the  cosmonauts  began  regular 
conditioning  exercises  using  the  "Chlbis"  vacuum  suit  during  the  days  just 
past.  Effects  of  terrestrial  gravity  are  simulated  by  fluctuations  of 
barometric  pressure  in  this  suit. 

According  to  telanetry  data  and  reports  from  orbit,  the  flight  is  proceeding 
normally.  Leonid  Kizim,  Vladimir  Solov'yev  and  Oleg  At'kov  are  feeling  well. 
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COSMONAUTS  IN  DAY  234,  PREPARING  POR  DESCENT 
Baku  BAKINSKIY  RABOCHIY  in  Russian  29  Sep  84  p  1 


ITASS  Report] 

ITextl  Flight  Control  Center.  September  28,  34 

SoSj'ye,  and  Oleg  At'kov  hare  been  working  In  near-Earth  orbit  for  234 

days . 

j  ^^-v,  i-he^  flight  nrofraTii,  the  cosmonauts  are  completing  research 

In  accordance  with  the  flight  p  g  »  "salvut-7 Soyuz  T-11"  and  are 

and  experiments  on  hoard  the  manned  complex  yu 

pfepSiS  the  station  for  flight  in  the  automatic  rtode. 

The  crew  will  ™®a^e^plaSedrin°partlcular .  Physiological 

r  rljred  S^blhrairof  the  m;itlfLotlonal  apparatns 

"Aelita” . 

Onrlng  the  days  of^tS  itaUorSIr^Lrenoitflners 

?rr  s"tSf  LJe  been  completed  to  the  reentry  vehicle 
of  the  "Soyuz  Tr«ll”  spaceship. 

;=;=  s  ;“S  ;:rr; 

Their  arterial  pressures  are  120  over  65,  115  over  ou,  ai 
millimeters  of  mercury,  respectively. 

The  flight  of  the  manned  complex  "Salynt-7'’-"Soyna  T-11"  Is  proceeding 
normally . 
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COSMONAUTS  CONTINUE  PREPARATIONS  FOR  RETITRN 
Moscow  VECHERNYAYA  MOSKY^A  in  Russian  1  Oct  84  p  1 
[TASS  Report] 

[Text]  Flight  Control  Center,  October  1,  The  longest  space  flight  in 
history  is  nearing  completion,  Soviet  cosmonauts  Leonid  Kizim, 

Vladimir  Solov'yev  and  Oleg  At'kov  have  carried  out  all  of  their  program 
of  scientific  research  on  board  the  "Salyut-Y"  station  and  will  return  to 
Earth  tomorrow. 

Today  the  crew  is  checking  the  operational  fitness  of  onboard  systems  of  the 
"Soyuz  T-11”  spaceship,  transferring  materials  from  research  and  experiments 
to  the  spaceship’s  reentry  vehicle  and  stowing  them  there,  and  putting  used- 
up  equipment  in  the  spaceship’s  living  compartment.  The  cosmonauts  are  per¬ 
forming  planned  operations  for  deactivating  scientific  apparatus  and  individual 
units  of  the  station,  and  they  are  taking  samples  of  air  and  microflora  in¬ 
side  the  complex  for  subsequent  laboratory  analysis.  In  the  course  of  the 
day,  they  will  also  engage  in  physical  exercises,  as  well  as  conditioning 
exercises  using  the  "Chibls"  vacuum  suit. 

According  to  results  of  telemetry  measurements  and  the  crew's  reports, 
the  flight  of  the  orbiting  scientific  research  complex  "Salyut~7"— ^"Soyuz 
T-11"  is  proceeding  normally. 

The  condition  of  the  health  of  Leonid  Kizim,  Vladimir  Solov’yev  and 
Oleg  At’kov  is  good,  and  they  are  feeling  well. 
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'SALYUT-7'  COSMONAUTS  RETUPvN  TO  EARTH  2  OCTOBER 
Moscow  miMUNIST  in  Russian  3  Oct  84  p  1 


[TASS  Report] 

Tollowlng  the  completion  of  their  program  of  scientific  and 
tShScIi  reseaS  Ld  experiments  on  hoard  the  orbiting  comply  •’Salyut-?  ~ 
"Soynt  ?-U",  cosmonauts  Leonid  Denlsoylch  Kltim.  Ifladimlr  Aleksey^ich 

slZ’yl  and  Oleg  ,^100“  ^  °  fae  d 

^Li:£rr;;hrrA‘rn-19f!.S^:Ts^Ltririta  flisht  1^  the  automatic 

tnode. 

The  reentry  vehicle  of  the  "Soyuz  T-11”  spaceship  landed  145  kilometers 
southeast  of  the  city  of  Uzhezkazgan. 

A  examination  performed  at  the  landing  site  indicated  that  the 

ts^oia^ts^oortL  prolonged  stay  in  conditions  of  weightlessness  well. 

,  ,  _ _ _  scientific-technical  and  medicalrhiological  research  and 

txJSSe^rSaslerL^Sed'in  the  course  of  the  137-day  flight  of  the  primary 
crew  of  the  "Salyut-7"  station. 

Results  of  research  and  experiments  which  were  obtained  during  the  237-day 
flight  will  find  broad  application  in  various  branches  of  science  and  the 
SSmyfand  w?ll  also  be  used  in  the  development  of  permanently  operating 

orbiting  complexes. 
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’SALYUT-7’  COSIIONATJTS '  POST -FLIGHT  CONDITION 
Moscow  MEDITSINSKAYA  GAZETA  in  Russian  5  Oct  84  p  3 
[Article  by  V.  Pishchik,  correspondent] 

[Abstract]  The  article  reports  on  results  of  the  recently  completed  237-day 
mission  of  cosmonauts  Leonid  Kizlm,  Vladimir  Solov*yev  and  Oleg  At'kov  on 
the  orbiting  station  "Salyut-7",  Some  of  the  cosmonauts'  postflight 
activities  at  the  Baykonur  Cosmodrome  are  mentioned.  During  the  first  three 
days  of  their  period  of  readaptation,  they  were  following  a  program  which 
included  hydrotherapeutic  procedures,  massage  and  a  gradual  Increase  in 
motor  activity,  including  walks  outdoors. 

Doctor  of  Medical  Sciences  Yevgeniy  Borisovich  Shul'zhenko,  member  of  the 
board  of  the  USSR  Ministry  of  Public  Health  and  one  of  the  directors  of  medical 
support  for  the  mission,  is  quoted  in  regard  to  the  nature  and  results  of 
the  medical-biological  studies  and  experiments  which  the  cosmonauts  performed. 
The  main  result,  according  to  Shul'zhenko,  was  the  fact  that  the  crew  remained 
in  good  health  and  maintained  the  necessary  level  of  working  fitness  and 
excellent  morale  throughout  their  prolonged  mission.  He  mentioned  that  the 
initial  medical  examinations  of  the  crew  performed  at  the  landing  site  and  the 
cosmodrome  indicated  that  the  cosmonauts  had  no  bad  effects  from  the  re¬ 
encounter  with  terrestrial  gravity. 


FTD/SNAP 
CSO:  1866/25 


40 


FEOKTISTOV  CCfMMENTS  ON  ’SALYUT-7'  EUEL  LINE  REPAIR 
Moscow  PRATDA  in  Russian  3  Oct  84  p  3 


lArticle  by  Y.  Gubarev] 

TAT,-ract1  The  lengthy  article  recalls  highlights  of  the  237-day  tnission 

bltied  engine  asaembly.  We  prefer  clear!  the  work  conld  be 

Lf%ft"x“rree:eiar™rkrintfopL  apace,  .t  the  s,.e  tl.e, 
rhe  ;ost  nnllkely  -1-t^ap^e.red  «  be  »e 

SLS"Tfaho“t‘“dS  r,.^re\“sp:rj’^“^ 

^-rrirS-rb^bfuS^Sir  rii-Sp^^rncrnnL'nbtedlP  baa  enriched 
manned  space  flight. 

Recalling  other  events  that  occurred  during  the  mission,  the  article  mentions 
that  Kizim’s  wife  gave  birth  to  a  daughter  in  ay. 

It  is  also  noted  that  the  total  number  of  experiments  that  the  cosmonauts 
performed  was  close  to  100,  and  the  majority  of  to 

times.  About  800  scientific  and  other  organizations  are  said  to  hav 
benefited  from  the  results  of  the  mission. 
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SPACE  SCIENCES 


’ASTRON’  TELESCOPE  STABILIZATION  SYSTEM 
Moscow  KOMMUNIST  in  Russian  15  Aug  84  p  2 

[Article  by  G.  Tovmasyan,  Doctor  of  Physical-Mathematical  Sciences, 

deputy  director  of  the  Armenian  Academy  of  Sciences’  Byurakan  Astrophysical 

Observatory] 

[Abstract]  The  author  reports  on  the  progress  of  the  flight  of  the  automatic 
space  telescope  "Astron”,  which  was  placed  into  orbit  on  March  23,  1983, 
and  he  mentions  some  of  the  features  of  equipment  carried  by  this  spacecraft. 
He  relates  that  spectra  with  high  resolution  and  other  valuable  astronhysical 
data  are  still  being  obtained  with  the  aid  of  the  ''Astron’%  although  it  was 
designed  to  operate  for  only  one  year.  The  space  telescope’s  components  in^ 
elude  a  mirror  80  centimeters  in  diameter,  a  spectrometer  which  was  built  at 
the  Marseilles  Space  Astronomy  Laboratory  in  Prance,  and  an  original  system 
for  stabilizing  the  aiming  of  the  telescope  at  objects  under  study.  This 
system  was  developed  and  built  by  scientists  and  specialists  of  the  Armenian 
republic. 

The  author  explains  that  such  a  system  is  necessary  because  the  spectrometer’s 
diaphragm,  in  which  the  image  of  an  object  to  be  observed  must  be  captured  and 
held,  is  only  40  micrometers  in  diameter.  The  telescope  must  therefore  be 
aimed  at  this  object  wj.th  a  permissible  deviation  of  only  a  few  tenths  of  a 
second  of  arc.  The  stabilization  system  has  two  operating  modes.  In  the 
first  of  these,  a  portion  of  the  light  received  from  the  object  under  study  is 
used  to  control  the  system;  consequently,  only  objects  which  are  fairly 
bright  can  be  recorded  in  this  mode.  The  photographing  of  objects  that  are 
several  thousands  of  times  fainter  is  said  to  be  possible  in  the  system’s 
second  mode,  which  is  called  an  offset  guiding  mode.  In  this  case,  the 
telescope  is  kept  in  the  prescribed  position  b}^  means  of  signals  from  a 
relatively  bright  star  which  is  located  near  the  object  under  observation. 
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RESULTS  FROM  'ASTRON'  ORBITING  TELESCOPE 

Frunze  SOVETSKAYA  KIRGIZIYA  in  Russian  20  Sep  84  p  2 

lE^cerpt]  SWeropol'  and  Yerevan.  The  "ith  a 

x-radiation  are  installed  on  this  spacecraft. 

A  TASS  correspondent  asked  scientific  directors  of  this  program  to  comment 
on  its  results; 

rt'S:  rHrS'SS" 

t^^eVlch  ™s’’SceirefrL°entl““^"he  'As»on',  f 

constellation  Andromeda,  It  was  discovered  t  a  dimensions  are 

Slf  ItsISl^s'S^rertLf  th^Srth'L  XMs  means  that  we  are  apparently 
dealing  with  a  white  dwarf.” 

our  knowledge  of  the  universe's  I„5l“duare£ents  Is 

"Astron".  Our  information  “f ““rnS!  hut  information 

extensive  enough  insofar  as  light  eleme  reports  received 

frorthe^-'A^Sn^racaLmiciarA.  Severnyy  discovered  tremendous  surpluses 
(3SL  and  thousands  of  times)  of  lead,  tungsten  uranium  and  thorium 
the  atmospheres  of  a  number  of  so-called  peculiar  stars. 

s:  ;trs;:n^Lrut;"fre:t” 

srr  ^?hr;iirrj  r  t^s  ::?Sirs  ?rr  c^iu^n^and 
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YAKUTSK  INSTITUTE'S  COSMIC  'R/vY  RESE.A.NCR  FACIT.TXY 
Moscow  IZVESTIYA  in  RufjBian  3  Sp.p  !V:  p  3 
[Article  by  B.  Konovalov,  correEpor.derit  (Yako.tal:,)  1 

(.Abstract]  The  article  reports  on,  the  work  end  facilities  of  the  Institute  of 
Cosmic  Physics  Research  and  Aeronorcy  of  tlie  Uakutek  Affiliate  of  the 
Siberian  Branch  of  the  USSR  Academy"  of  Sclencca.  Prof.  Yuriy  Georglyevich 
Shafer,  age  75,  has  been  tha  directcx'  of  the  inoritute  since  it  was  founded 
in  1962  on  the  basis  of  the  former  yc’vil-.sh  Caouhyeical  ObEer-vatory . 

^'^^^^kute  operates  a  crni,p.!.eji.  of  g'ioplryfri’.cf.-.l  observatories  and  stations, 
test  ranges  and  other,  faci.i.lties  spread  over  a  vast  ter:.'itory  of  the  Yakut 
Autonomous  Republic.  So’Jtb  to  north,  they  extend  frov  61  to  76  degrees 

latitude.  Tne.  xastitute  also  ha-s  instruu'cnrs  operatiirg  on  satellites. 
This  complex  is  used  for  studies  of  the  ionosphere,  magnetic  fields  and  earth 
currents,  cosmic  rays  and  radio  emissions,  polar  sirrora  and  meteorolo'^ical 
phenomena . 

The  article  focuses  on  a  large  installation  of  tlu--  instpyuj-g  investigating 
cosmic-ray  showers.  Called  "SEAL”,  an  acronyms  of  the  Russian  words  for 
|broad  cosmic-ray  showers,’  the  installation  lias  35  main  recording  towers  and 
interconnecting  utility  lines  spread  in  a  hexagon  shape  over  an  area  of  18 


fefiraev,  heads  of 
.  It  is  mentioned  that 
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Ins. V  e  r  e  c  e  i:v  e  cl 

a  Lenin  rr 

the  "SHAL"  is  being  Improved 


The  article  also  reports  that  the  institute  is  planning  the  creation  of  a 
unique  complex  for  study  of  the  ionosphere.  To  be.  called  the  "Yakutskiy 
meridian  ,  it  will  Interconnect  existiiig  loxiosphere  statioiis  near  Yakutsk  and 
in  Zhlgansk,  a  geospace--physics  observatory  .in  Tiksi,  and  a  station  which  is 
to  be  created  on  Kotel'nyy  Island.  With  so'andiag  of  the.  ionosphere  done 
from  these  stations  synchronously,  it  is  said  thac  it  will  be  possible  to 
discern  from  data  received,  at  a  centra:',  post  hew  the  solar  wind  is  flowing 


around  the  Earth  and  what  changes  are  being  produced  in  the  ionosphere. 

With  this  giant  'instrument*  some  2,000  kilometers  long,  e  ns  i 
propose  that  It  vlll  he  poasible  to  aaaeaa  the  radiation 
around  the'^plLet  and  to  give  accurate  forecasts  of  shortwave  radio  condit  o  . 
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RADIO  TELESCOPE  WITH  256  ANTENNAS  BUILT  IN  SIBERIA 
Leningrad  LENINGRADSKAYA  PRAVDA  in  Russian  7  Oct  84  p  3 

iText]  The  building  of  a  unique  installation-^a  solar  radio  telescope — has 
been  completed  in  the  remote  Badary  area  of  the  taiga,  250  kilometers  south¬ 
west  of  Irkutsk. 

Scientists  are  beginning  their  pursuit  of  the  sun  with  the  aid  of  this 
installation.  The  radio  telescope  is  arranged  in  the  form  of  a  gigantic 
cross:  128  dish  antennas  lengthwise  and  the  same  ntmiber  crosswise  to  form  the 
cross’  two  beams^-a  ’north^south ’  and  an  ’east-west’  one.  Each  beam  is  more 
than  500  meters  long.  Objects  of  study  that  are  only  20  seconds  of  arc 
in  size  can  be  distinguished  in  radio  representations  of  the  sun  that  are 
obtained  with  the  aid  of  this  multiple-element  radio  telescope.  One  of  the 
scientists’  tasks  is  to  study  the  structure  and  spread  of  the  radios  frequency 
radiation  of  active  regions  and  of  flares  on  the  sun.  The  new  telescope  will 
make  it  possible  to  obtain  a  two-dimensional,  complete  radio  representation 
of  the  sun  every  three  or  four  minutes,  in  the  centimeter  wave  band. 

The  ’east-west’  antennas  are  already  yielding  interesting  information  for  the 
scientists.  The  adjustment  of  the  second  beam,  the  ’north^south’  one,  is 
nearing  completion,  after  which  the  whole  telescope  will  go  into  operation. 


PTD/SNAP 
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’ASTRON’  X-RAY  EXPERIMENT 

Moscow  ZEMLYA  I  VSELENNAYA  in  Russian  No  2,  Mar-Apr  84  pp  26-34 

[Article  by  Doctor  of  Physicomathematic  Sciences  V.  G.  Kurt  and  Candidate  of 
Physicomathematic  Sciences  Ye.  K.  Sheffer;  "The  Astron  X-Ray  Experiment"] 

[Text]  On  23  March  1983,  the  Soviet  earth  satellite  Astron 
specially  designed  for  astronomical  observations  was  put 
into  a  high-apogee  orbit.  This  article  describes  the 
preliminary  results  of  the  work  done  by  the  x-ray  telescope 
spectrometer  mounted  on  the  satellite. 

Until  recently,  extraatmospheric  astronomical  research  in  our  nation  was  car¬ 
ried  out  from  the  Salyut  stations  and  the  Soyuz  spacecraft  on  Prognoz  auto¬ 
matic  stations,  by  the  earth  satellites  of  the  Cosi^os  series,  by  vertical 
geophysical  rockets  and  by  interplanetary  stations  launched  toward  the  moon, 
Venus  or  Mars.  Space  solar  observatories  were  employed  for  studying  the  sun. 
However,  the  study  of  stars  and  x-ray  sources  by  telescopes  of  sufficiently 
large  size  is  possible  only  from  specialized  astronomical  satellites  equipped 
with  a  highly  accurate  astroorientation  and  stabilization  system.  At  present 
Soviet  science  has  acquired  such  an  instrument!  Need  it  be  said  that  hopes 
have  been  put  on  this  launch  and  how  much  effort  and  material  have  been  spent 
on  developing  the  Astron  satellite. 

The  aim  of  launching  Astron  is  to  study  the  stars  and  galaxies  in  the  ultra¬ 
violet  band  of  wave  lengths  (shorter  than  3,000  X)  and  to  observe  discrete 
x-ray  sources.  For  carrying  out  these  tasks  the  satellite  carried  an  ultra¬ 
violet  telescope  of  the  Crimean  Astrophysical  Observatory  of  the  USSR  Academy 
of  Sciences  and  a  SKR-02M  x-ray  telescope  spectrometer  developed  at  the  Space 
Research  Institute  of  the  USSR  Academy  of  Sciences  with  the  active  collabora¬ 
tion  of  the  State  Astronomical  Institute  imeni  P.  K.  Shternberg.  The  device 
was  manufactured  and  developed  at  several  industrial  institutes  and  design 
bureaus  under  different  ministries. 

The  preparation  of  the  experiment  and  its  successful  execution  took  a  total  of 
3  years.  It  was  possible  to  develop  such  a  complex  and  heavy  satellite  in  a 
short  period  of  time  solely  due  to  a  major  decision  to  use  the  Venera  AMS 
[automatic  interplanetary  station]  as  the  base  device.  From  the  station  of  the 
Venera  series,  Astron  inherited  many  working  systems:  the  atroorientation 


47 


assemblies,  the  power  and  temperature  control  system,  the  telemetry  system  and 
the  radio  command  line. 


Orientation 
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Diagram  of  Basic  Units 
of  the  Astron  Station 


Key:  a--Ultraviolet  telescope 

b--Set  of  x-ray  spectrometers 
c--Mounted  instrument  container 
d--Instruraent  container  of 
orbital  device 
e--Solar  battery  panels 
f-- Support  cylinder 
g- -As t reorientation  system 
instruments 


The  Astron  station  can  function 
autonomously  for  a  long  time  in  orbit 
far  from  the  earth.  It  has  been 
adapted  for  extended  (up  to  5  hours 
daily)  observation  of  x-ray  and  ultra¬ 
violet  sources.  The  heart  of  the 
station  is  the  solar-astro  astro- 
orientation  system  making  it  possible 
to  aim  the  ultraviolet  or  x-ray  tele¬ 
scopes  at  the  studied  object.  The 
triple-axis  orientation  of  the  station 
in  space  is  provided  by  two  sensors: 
a  solar  one  which  "looks  at"  the  sun 
and  an  astro  one  aimed  at  a  bright 
navigational  star. 

The  scan  zone  of  the  solar  sensor  lies 
in  a  plane  which  passes  through  the 
optical  axis  of  the  scientific  instru¬ 
ments.  The  sensor  is  aimed  at  the  sun 
by  changing  one  angle.  The  scan  zone 
of  the  astral  sensor  is  conical  with 
an  apex  angle  of  ±25°.  The  cone*s 
axis  is  perpendicular  to  the  optical 
axis  of  the  scientific  instruments. 

In  order  to  aim  the  astral  sensor  at 


the  navigational  star,  it  is  essential 
to  alter  two  angular  ^coordinates .  Since  the  sun  moves  by  1°  per  day,  the 
amount  of  the  three  angles  of  the  orientation  system  depends  upon  the  time  of 
observations  and  is  calculated  ahead  of  time  for  the  studied  astronomical  ob¬ 
jects  for  the  designated  day  and  hour. 


Among  the  navigation  stars  are  more  than  ten  of  the  brightest  of  which  the  most 
"convenient"  is  Canopus  (a  Carinae).  This  star  is  close  to  the  southern  eclip¬ 
tic  pole  and  due  to  this  it  is  always  sufficiently  distant  from  the  sun  (not 
closer  than  75°).  Canopus  is  the  sole  navigational  bright  star  which  can  be 
"used"  year-round.  The  others  are  used  as  navigational  ones  only  for  a 
limited  period  of  time:  Vega  (a  Lyrae)  from  January  through  June  and  August 
through  December;  Sirius  (a  Canis  Majoris)  from  March  through  May  and  September 
through  November;  Arcturus  (a  Boot is)  from  December  through  February  and  from 
June  through  August  and  so  forth.  In  principle  any  bright  stars  of  both  hemi¬ 
spheres  of  the  heaven  can  be  navigational  stars. 


In  order  to  locate  the  selected  navigational  star,  the  satellite  slowly  rotates 
around  the  axis  aimed  at  the  sun  until  the  astral  sensor  "locks  on"  the  star. 
All  the  information  about  it--its  coordinates  and  brightness--are  transmitted 
to  the  station  in  the  form  of  coded  digital  radio  commands.  After  "locking  on" 
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the  star,  the  satellite  is  stabilized 
in  such  a  manner  that  the  telescope's 
axis  is  looking  at  the  designated 
x-ray  source.  The  ast reorientation 
system  provides  an  accuracy  of 
station  guidance  and  stabilization  on 
the  order  of  several  angular  minutes 
and  this  is  completely  sufficient  for 
x-ray  observations. 

The  astral  sensor  is  a  very  sensitive 
device  and  it  "shuns"  light  from  the 
sun,  earth  and  moon.  The  angular 
distances  to  these  heavenly  bodies 
are  calculated  ahead  of  time  and  an 
observation  session  is  carried  out 
only  in  the  instance  that  they  are 
sufficiently  remote  from  the  naviga¬ 
tional  star.  The  high-apogee  orbit 
with  a  maximum  distance  of  around 
200,000  km  from  the  earth  was  chosen 
for  the  station  because  at  its  apogee 
the  earth  has  a  small  angular  dimen¬ 
sion  (a  diameter  of  around  3.5°). 

In  low  orbits  the  150-degree  disc  of 
the  earth  frequently  blocks  out  the 
navigational  stars  and  in  addition 
the  danger  of  cluttering  the  astral 
sensor  is  great. 

The  x-ray  telescope  operates  in  a  direct  transmission  mode  as  there  is  contin¬ 
uous  two-way  communications  with  the  satellite  without  recording  the  informa¬ 
tion  on  board.  During  an  observation  session  specialists  monitor  the  work  of 
all  the  systems  of  the  spacecraft  and  the  scientific  equipment  and  above  all 
the  astroorientation  system.  Thus,  observations  on  the  x-ray  telescope  are 
carried  out  almost  in  the  same  manner  as  with  a  ground  optical  or  radio  tele¬ 
scope.  In  the  course  of  the  observations  it  is  always  possible  to  take  a  new 
decision  and  immediately  carry  it  out  and  this  is  particularly  important  with 
unplanned  situations  related  to  problems  in  the  equipment  or  the  unexpected 
phenomena  in  the  studied  x-ray  source.  With  the  rise  of  such  a  situation  it  is 
possible  to  extend  the  session,  to  switch  the  scientific  equipment  to  another 
mode  or,  conversely,  shut  down  the  entire  instrument  or  a  part  of  it.  Once 
during  observations  there  was  a  powerful  solar  flare  and  this  led  to  a  sharp 
rise  in  the  background  of  solar-origin  charged  particles.  All  the  scientific 
equipment  had  to  be  shut  down  immediately. 

At  the  ground  tracking  station  all  the  information  received  from  Astron  is  dis¬ 
played  on  television-type  video  displays,  it  is  recorded  in  a  graphic  analog 
form  on  paper  tape  and  is  also  fed  into  printers  in  a  digital  form.  All  of 
this  helps  not  only  to  track  but  also  effectively  intervene  in  the  observation 
sessions.  Usually  a  session  lasts  3-4  hours  during  which  the  x-ray  telescope 
observes,  as  a  rule,  one  source. 
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Diagram  for  Aiming  the  Astron 
Satellite  at  the  Studied  Object 

The  optical  axis  of  the  x-ray  telescope- 
spectrometer  parallel  to  the  X  axis  is 
oriented  in  the  set  direction  by  aiming 
the  solar  sensor  at  the  sun  and  the 
astro  sensor  at  the  chosen  navigational 
star. 

Key:  a--Scan  zone  of  astral  sensor 

b--Direction  to  navigational  star 
c--Direction  to  sun 
d--Scan  zone  of  solar  sensor 
e--Direction  to  studied  source 
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The  SKB-02M  X-Ray  Telescope-Spectrometer: 

1,  2--Detectors  (on  one  of  them,  the  protective  cover  has  been  removed); 

3--Proportional  counter.  In  the  foreground  are  the  electronic  units 
of  the  spectrometer. 

When  necessaryj  the  astroorientation  system  makes  it  possible  to  also  carry  out 
scanning  of  the  skies,  when  the  station  rotates  around  the  axis  directed  at 
the  sun.  In  this  instance,  the  axis  of  the  x-ray  telescope  describes  a  circle 
in  a  celestial  sphere  with  a  center  at  the  sun  or  at  the  "antisun,"  and  here 
the  radius  of  the  circle  can  be  altered  so  as  to  view  selected  areas  of  the 
sky.  The  period  of  one  rotation  equals  approximately  12  minutes  and  this  cor¬ 
responds  to  an  angular  scanning  velocity  of  0.5°  per  second.  Obviously,  in  a 
scanning  mode  there  is  less  time  for  accumulating  information  and  for  this ^ 
reason  the  sensitivity  of  the  x-ray  telescope  is  less  than  with  extended  aiming 
at  the  same  source.  Incidentally,  repeated  scanning  of  the  same  area  of  the 
sky  can  increase  the  threshold  of  detecting  weak  sources. 
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The  X-Ray  Telescope-Spectrometer 

The  x-ray  telescope-spectrometer  carried  on  Astron  consists  of  two  equal  de¬ 
tecting  units  and  over  a  score  electronic  units  which  record  and  process  the 
information,  transmit  it  to  the  telemetric  system,  control  the  work  of  the 
spectrometer  and  carry  out  its  calibrating  during  the  flight. 

The  detectors  of  the  x-ray  telescope  are  proportional  gas-filled  counters  with 
a  window  of  thin  (around  100  microns)  beryllium  foil  (ZEMLYA  I  VSELENNAYA, 

1970,  No  6,  p  24 . --Editors ) .  Only  beryllium  foil  with  a  thickness  of  0.1- 
0.2  mm  passes  soft  x-ray  radiation.  The  size  of  the  x-ray  counter  is  6x6x30  cm. 
Its  housing  is  welded  from  titanium,  a  light  and  strong  metal.  The  hermetic 
volume  of  the  counter  is  filled  with  a  heavy  inert  gas,  xenon,  with  a  pressure 
of  around  0.25  atmosphere.  Along  the  long  axis  of  the  counter  is  stretched  a 
tungsten  filament  0.05  mm  thick.  To  the  anode  filament  is  applied  a  high  pos¬ 
itive  voltage  (2,000  volts),  while  the  negative  of  the  high-voltage  source  is 
connected  to  the  titanium  housing.  When  an  x-ray  quantum  or  a  charged  particle 
of  energy  (an  electron,  proton  or  meson)  passes  through  the  gas  space  of  the 
counter,  inside  the  counter,  a  cloud  of  ionized  xenon  atoms  (ions)  and  elec¬ 
trons  occurs.  Due  to  the  high  potential  of  the  anode  filament,  the  formed 
electrons  with  a  number  of  around  30  are  accelerated  in  the  electric  field. 

In  colliding  with  the  xenon  atoms  which  fill  the  counter,  they  increase  the 
number  of  electrons  and  ions.  The  ions  recombine  on  the  methane  or  carbon 
monoxide  molecules  which  are  found  in  very  small  quantities  (around  5  percent) 
in  the  counter  *  s  volume.  The  electrons  formed  strike  the  filament  and  this 
leads  to  the  appearance  of  a  brief  electric  pulse.  Its  amplitude  is  propor¬ 
tional  to  the  energy  of  the  absorbed  x-ray  quantum  and  this  makes  it  possible 
to  measure  the  energy  spectrum  of  X-radiation  striking  the  beryllium  entry 
window  of  the  counter.  As  a  total  the  spectrometer  has  14  working  counters 
with  an  overall  geometric  area  of  around  2,000  cm^. 

Unfortunately,  the  counters  record  not  only  the  quanta  of  X-radiation  but  also 
the  charged  particles  of  cosmic  rays  of  galactic  and  solar  origin.  The  high- 
apogee  orbit  has  freed  the  equipment  of  Astron  from  the  influence  of  the  earth's 
radiation  belts  which  are  full  of  high-energy  particles  (electrons  and  protons). 
At  the  same  time,  the  Astron  equipment  is  not  protected  by  the  earth's  magnetic 
field  against  the  soft  component  of  cosmic  rays. 

In  order  to  reduce  the  influence  of  the  charged  particles  on  the  readings  of 
the  x-ray  telescope,  all  the  counters  have  been  put  in  a  box  made  from  a  plastic 
scintillator  (a  transparent  sheet  like  organic  glass)  which  effectively  records 
charged  particles.  In  striking  the  scintillator  such  a  particle  causes  a  burst 
of  light  which  is  recorded  by  four  photoelectron  multipliers.  The  signal  from 
these  multipliers  blocks  the  simultaneous  pulse  from  the  counter,  preventing  it 
from  reaching  the  record  circuit.  In  addition,  a  scheme  is  used  for  analyzing 
the  shape  of  the  leading  edge  of  the  pulse  which  depends  upon  the  type  of  ion¬ 
izing  radiation.  The  charged  particles  produce  a  longer  build-up  edge  than  do 
the  x-ray  photons. 

The  detector  units  also  are  equipped  with  an  automatic  gain  control  system. 

For  this  the  eighth  counter  in  each  detection  unit  is  constantly  illuminated  by 
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monochromatic  X-radiation  with  a  wave 
length  of  around  2  K  which  is  produced 
by  the  radioactive  isotope  of  iron.  The 
position  of  the  monochromatic  line  is 
stabilized  by  adjusting  the  high  voltage 
which  powers  all  the  counters.  This  en¬ 
sures  the  stability  of  the  instrument’s 
spectral  sensitivity,  in  compensating 
for  the  temperature  deviation  of  the 
counter ’ s  parameters . 

The  spectral  sensitivity  of  the  counter 
is  determined  by  the  passage  of  beryllium 
from  the  low  energy  side  (longer  wave 
lengths)  and  by  the  effective  absorption 
of  the  X-radiation  by  the  xenon  on  the 
high  energy  side  (shorter  wave  lengths). 
The  sensitivity  range  of  the  instrument 
is  2-25  kev  in  an  energy  scale  or  0.5-6  A 
on  a  wave  length  scale.  The  entire  range 
has  been  divided  into  ten  approximately 
equal  intervals  and  this  ensures  the  ob¬ 
taining  of  the  source’s  spectrum.  In 
adjusting  the  spectrum  parameters  on  the 
computer  to  the  observed  ten  values 
(according  to  the  number  of  channels)  of 
intensities,  it  is  possible  to  recreate 
the  source  spectrum.  For  example,  among  the  spectrum  parameters  are  the  temper¬ 
ature  of  the  x-ray  source  if  its  radiation  is  thermal  and  the  number  of  absorb¬ 
ing  hydrogen  atoms  on  the  path  between  the  source  and  the  recording  instrument. 
Dur  to  this  absorption,  intensity  in  the  ’’soft”  low-energy  channels  is  reduced. 
Finally,  the  instrument  makes  it  possible  to  record  a  change  in  the  source’s 
intensity  within  a  broad  range  of  frequencies:  from  400  to  hundredths  and 
thousandths  of  a  hertz.  Periods  from  0.002  to  1,000  seconds  correspond  to 
these  frequencies . 

The  field  of  vision  of  the  detectors  is  limited  by  a  mechanical  collimator  of 
hexagonal  shape.  The  angular  dimension  of  the  field  of  vision  is  3  in  pro¬ 
jection  on  the  celestial  sphere.  A  change  in  the  position  of  the  source  by 
2’  causes  a  1-percent  change  in  the  flux.  This  also  sets  the  required  accuracy 
of  guidance  and  stabilization  around  2-3’  and  this  is  provided  by  the  station  s 
astroorientation  system. 

For  periodic  monitoring  of  all  the  equipment’s  parameters,  at  the  end  of  a 
session  the  instrument  can  be  calibrated  upon  a  radio  command.  An  isotope  of 
radioactive  iron  is  put  in  the  field  of  vision  of  each  counter.  The  position 
of  the  peak  of  the  iron  (a  wave  length  of  2  X)  and  the  intensity  of  this  line 
make  it  possible  to  monitor  just  how  constant  are  the  spectrometric  properties 
of  the  equipment  and  if  the  graduating  of  the  energy  scale  has  changed  then  a 
correction  is  made  in  processing  the  data. 


wave  length,  A 


Curve  of  Spectral  Sensitivity 
of  X-Ray  Telescope-Spectrometer 

Range  of  instrument's  sensitivity 
from  2  to  25  kev. 
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The  weight  of  the  x-ray  telescope-spectrometer  is  around  250  kg  of  which  more 
than  90  percent  goes  to  the  detection  units.  Particularly  heavy  are  the  mas¬ 
sive  plates  of  the  plastic  scintillator  with  an  area  of  around  1  m^  each  and 
the  collimators  placed  in  front  of  each  of  the  four  counters. 

The  First  Observation  Results 

A  week  after  the  launching  of  the  Astron  satellite  into  orbit,  a  brief  test 
session  was  run  during  which  the  detection  units  and  all  the  systems  of  the 
x-ray  spectrometer  were  turned  on  in  sequence.  Naturally  here  the  axis  of 
the  spectrometer  was  aimed  at  an  ”empty  spot,"  that  is,  at  a  point  where 
there  were  no  sources  of  X-radiation.  After  the  test  session  an  optimum  oper¬ 
ating  mode  was  chosen  for  the  instrument,  the  background  level  of  charged 
particles  was  assessed  and  we  were  able  to  clarify  how  the  equipment  functioned 
in  sending  the  basic  commands  for  controlling  the  x-ray  spectrometer. 

For  all  the  participants  in  the  experiment,  this  session  was  the  most  crucial 
and  everyone  was  in  the  main  room  of  the  mission  control  center  and  each  was 
sitting  in  front  of  his  display,  work  station  or  command  post.  The  control 
commands  for  the  spectrometer  were  given  at  a  slow  pace  and  after  each  of 
these  commands  for  several  minutes  the  participants  in  the  experiment  analyzed 
the  telemetric  data  shown  on  the  displays,  informing  the  flight  control  of  the 
results  of  the  analysis  over  the  loudspeaker  system.  Then  there  was  an  align¬ 
ment  session.  During  this  session  which  lasted  around  an  hour,  we  determined 
the  parallelness  of  the  axes  of  the  x-ray  telescope-spectrometer  and  the  sta¬ 
tion's  astroorientation  system.  The  spectrometer  was  aimed  at  a  very  bright 
x-ray  source  in  the  constallation  of  Taurus,  the  famous  Crab  Nebula.  This  was 
chosen  as  a  calibrating  source  for  several  reasons;  in  practical  terms  this 
is  a  point  object,  its  spectrum  has  been  well  studied,  the  source  is  very 
stable  and  does  not  change  over  time  and  in  its  radiation  there  is  a  10-percent 
pulsating  component,  the  radiation  of  the  pulsar  NP  0532  with  a  period  of  0.33*. 
Four  times  the  axis  of  the  x-ray  telescope  was  aimed  at  the  Nebula  and  shifted 
from  it  to  points  distant  by  6®.  The  telescope's  field  of  vision  as  it  were 
"drew"  in  the  sky  a  cross  with  an  angular  dimension  of  12°.  The  obtained  data 
made  it  possible  to  lay  out  a  program  for  calculating  the  spectrum  of  the 
sources  and  determine  the  effective  area  of  the  instrument  which  was  1,700  cm^. 
We  also  tested  out  the  channel  for  recording  the  highly  variable  radiation  of 
pulsar  NP  0532.  After  the  alignment  session  the  planned  observations  of  the 
x-ray  sources  started. 

Particular  attention  was  given  to  the  rapidly  changing  forces,  to  flaring 
sources  (bursters)  and  nonstationary  x-ray  stars  such  as  Cygnus  X-1,  Cygnus  X-3, 
Ophiuchus  X-2,  to  the  star  RU  of  Lupus.  Of  the  extragalactic  objects  we  ob¬ 
served  the  quasar  3C  273,  the  gigantic  elliptical  galaxy  NGC  4486  in  the  con¬ 
stellation  of  Virginia,  the  peculiar  galaxy  NGC  7552  in  the  constellation  Grus, 
the  supernova  which  had  flared  up  in  the  spiral  galaxy  M  83  in  the  constella¬ 
tion  Hydra,  the  popular  object  SS  433  and  a  number  of  other  objects. 

During  the  session  of  30  June  1983,  against  expectations,  a  signal  was  not  re¬ 
ceived  from  the  bright  and  well-studied  source  Hercules  X-1,  a  binary  system 
the  optical  component  of  which  is  the  variable  star  HZ  of  Hercules  and  the 
x-ray  is  the  neutron  star  (ZEMLYA  I  VSELENNAYA,  1975,  No  5,  p  34. — Editors). 
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Recording  of  a  flare  of  radiation  from  a  "fast  burster" 
obtained  by  the  x-ray  telescope-spectrometer 

on  13  April  1983 
(energy  range  2-25  kev) 

Before  the  start  and  after  the  burst  a  large  constant  level  of 
radiation  from  the  burster  could  be  seen. 

The  "disappearance"  of  Hercules  X-1  was  also  confirmed  by  observations  from 
the  European  Focostat  satellite.  At  the  same  time,  optical  observers  in 
formed  us  that  the  curve  of  brilliance  of  the  variable  HZ  of  Hercules  virtually 
did  not  change.  At  the  same  time,  changes  in  the  brightness  of  this  star  are 

explained  by  the  conversion  in  the  stellar  photosphere  of  the  X-radiation  of 

the  neutron  star.  Hence,  the  neutron  star  comprising  the  binary  obscured  pair 
"shines"  as  before.  Obviously  the  changes  occurred  only  in  the  gaseous  disc 
surrounding  the  neutron  star  from  which  matter  falls  on  the  neutron  star  (  e 
accretion  disc).  This  disc  is  responsible  for  the  soft  X-radiation  from  the 
system.  Possibly  the  angular  diagram  of  radiation  has  changed  which  now  passes 
through  the  "eye  of  the  observer."  Theoreticians  will  have  to  rack  their 

brains  over  this  puzzle  as  the  radiation  from  the  source  Hercules  X-1  has  re 

mained  stable  for  more  than  a  decade. 

Several  times  Astron  observed  the  "fast  burster"  (MXB  1733-35)  which  is  located 
close  to  the  center  of  the  galaxy  at  a  distance  of  10,000  parsecs  from  us 
(ZEMLYA  I  VSELENNAYA,  1980,  No  6,  p  27 . -Editors) .  This  is  a  close  binary 
system  consisting  of  a  neutron  star  and  a  red  dwarf  in  which  darkenings  are  not 
observed,  either  x-ray  or  optical.  The  reason  for  the  x-ray  bursts  of  the 
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Recording  of  radiation  in  different  channels  of  the  X"ray 
telescope-spectrometer  made  during  the  scanning  of  a  portion  of 
the  heavens  on  9  July  1983. 

On  the  lower  figure  the  numbers  designate  identified  radiation 
sources  l--Scorpius  X-1,  2--Norma  X-1,  3--sources  4U  1728-24  and 
4U  1730-22,  4--source  4U  1728-34,  5--Aquila  X-1,  6--galactic 
center,  7 — Scorpius  X-6. 


burster  is  the  nuclear  explosion  of  matter  which  has  accumulated  on  the  sur¬ 
face  of  the  neutron  star.  The  slow  flow  of  matter  from  the  red  dwarf  to  the 
neutron  star  provides  a  supply  of  nuclear  fuel  (primarily  helium  and  then 
hydrogen).  Over  the  6  months  of  the  operation  of  the  Astron  satellite,  the 
"fast  burster"  three  times  changed  the  nature  of  radiation:  we  recorded 
bursts  of  different  types  and  varying  duration.  Observations  of  this  interest 

ing  object  are  continuing. 


On  16  August  1983,  the  Astron  satellite  observed  an  eclipse  of  the  "fast 
burster"  by  the  moon.  In  proximity,  at  a  distance  of  around  0.5  from  the 
"fast  burster"  is  yet  another  burster  MXB  1728-34  which  emits  simultaneously 
also  constant  X-radiation.  The  x-ray  spectrometer  took  the  total  signal  of  the 
two  sources.  At  the  moment  of  the  elipse  of  the  "fast  burster"  there  was  a 
sharp  drop  in  the  signal.  After  the  source  moved  out  from  the  edp  of  the 
moon,  the  signal  rose  to  its  former  level.  From  this  it  was  concluded  that 
during  the  observation  of  the  "fast  burster"  instead  of  separate  short  pulses, 
constant  or  steady  radiation  had  been  received.  This  result  was  unexpected. 
From  the  moments  of  the  elipse  we  were  able  to  localize  the  source  in  the^^ 
celestial  sphere  with  an  accuracy  of  6-8'.  At  present,  the  fast  burster  is 
being  identified  with  the  optical  objects. 


The  eclipses  of  the  x-ray  sources  make  it  possible  to  clarify  the  coordinates 
of  those  of  them  which  have  not  been  identified  with  optical  objects,  to 
separate  the  x-ray  radiation  of  close-lying  sources  and  this  is  difficult  or 
simply  impossible  to  do  using  other  methods.  We  are  investigating  2  months 
ahead  of  time  whether  the  moon  will  eclipse  any  other  bright  x-ray  source  and 
are  planning  to  observe  this. 


The  x-ray  spectrometer  of  Astron  also  participated  in  synchronous  observations 
of  the  sources  together  with  the  lUE  international  ultraviolet  satellite. 

Under  this  program  certain  ground  optical  and  radioastronomical  observatories 
have  been  working  in  our  country  and  abroad. 


We  have  described  only  the  first  preliminary  results  of  the  observations  which 
are  being  conducted  on  the  x-ray  telescope-spectrometer  of  the  Astron  satellite 
The  observations  are  continuing  and  powerful  computers  are  processing  their 
data. 
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PROGRAM  FOR  OBSERVATIONS  OF  HALLEY’S  COMET 

Moscow  ZEMLYA  I  VSELENNAYA  in  Russian  No  1,  Jan-Feb  84  pp  35-39 

[Article  by  Ya.  S.  Yatskiv,  corresponding  member  "USSR  Academy  of  Sciences, 
and  K.  I.  Churyumov,  candidate  of  physical  and  mathematical  sciences: 
"International  Program  for  Observations  of  Halley’s  Comet"] 

[Excerpt]  The  Soviet  Program 


Mindful  of  the  major  contribution  of  this  country’s  scientists  to  comet 
astronomy  and  the  importance  of  the  active  participation  of  Soviet 
astronomers  in  the  observation  of  Halley’s  comet,  the  Soviet  program  of 
research  on  Halley's  comet  from  the  earth  has  been  designed  to  serve  as  a 
regional  part  of  International  Halley  Watch  (IHW) .  Work  of  the  Soviet 
program  is  under  the  direction  of  the  Central  Astronomy  Observatory  of  the 
USSR  Academy  of  Sciences,  known  for  its  studies  in  comet  astronomy.  A 
special  commission  has  been  created  whose  members  Include  0,  V,  Dobrovol 'skiy 
(Institute  of  Astrophysics  of  the  TSSR  Academy  of  Sciences),  S.  P,  Mayor 
and  L.  M.  Shul'man  (Central  Astronomy  Observatory  of  the  USSR  Academy  of 
Sciences),  K.  I,  Chur3mmov  (Kiev  University) ,  E.  A.  Akim  (Institute  of 
Applied  Mathematics  of  the  USSR  Academy  of  Sciences),  Yu.  V.  Batrakov  (Institute 
of  Theoretical  Astronomy  of  USSR  Academy  of  Sciences),  C,  K.  Vsekhsvyatskiy 
(Kiev  University)  and  A.  G.  Masevich  (Astronomy  Council  of  USSR  Academy  of 
Sciences).  The  commission  is  chaired  by  Ya.  S.  Yatskiv,  the  director  of  the 
Central  Astronomy  Observatory  of  the  UzSSR  Academy  of  Sciences. 

The  Soviet  program  calls  for  astronomical  observations  of  Halley's  comet  to 
be  carried  out  at  17  observatories  in  our  country  and  astrophysical  observa¬ 
tions  at  15  observatories.  All  branches  of  the  All-Union  Astronomy  and 
Geodesic  Society  will  take  part  in  the  visual  observations. 

Within  the  Soviet  program  for  earth  study  of  the  Halley  Comet,  there  are  plans 
being  made  for  two  specialized  stations  equipped  with  identical  instruments. 

One  of  these  will  be  located  on  Mt.  Maydanak  in  Uzbekistan;  the  second  will 
be  placed  in  Bolivia  in  the  city  of  Tarija.  Sixty-centimeter  reflectors  will 
be  Installed  at  these  stations,  equipped  with  photoelectric,  spectral  and 
polarimetric  instruments. 
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1. 


7. 


CxpyKTypa  CoBejcHofi  nporpaMMw 
HccjieAosaHHfi  KOMeTbi  ra/iiien 
(conpor  AH  cccp) 


structure  of  the  Soviet  program  for  study  of  Halley’s  Comet 
(SOPROG),  USSR  Academy  of  Sciences 

1.  Coordinating  Committee,  SOPROG  USSR  Academy  of  Sciences 

2.  Plight  control  for  spacecraft  "Venus  -  Halley-l  and  ^2 

3.  R.  Z.  Sagdeyev,  director  of  Project  "Vega" 

4.  Special  Commission  SOPROG,  USSR  Academy  of  Sciences 

5.  Specialists  in  basic  disciplines  of  comet  research 

6.  Professional  observers 

7.  Sections  of  VAGO  and  other  USSR  amateur  organizations 

8.  Amateur  astronomers  and  observers 
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At  the  end  of  Harch  1983,  a  workers  conference  took  place  in  Kiev  on  the 
Soviet  programs  of  ground  observation  of  the  Halley comet,  A  ntimber  of 
scientists  were  asked  to  design  uniform  instructions  and  recommendations  on 
all  aspects  of  the  study. 

The  Soviet  program  of  observing  the  comet  is  a  long-term  one,  lasting  from 
1983  through  1987.  At  first,  the  basic  observational  work  will  be  at  the 
observatories  in  temperature  latitudes.  As  Halley’s  comet  approaches  its 
perihelion,  the  work  will  shift  to  southern  observatories  in  the  Soviet 
Union,  which  will  study  the  comet  after  it  passes  through  its  perihelion. 
During  this  period  of  the  comet’s  greatest  brightness  and  activity,  the 
Soviet  expedition  in  Bolivia  will  have  the  most  to  say. 

Since  Halley’s  comet  will  enter  into  conjunction  with  the  sun  several  times 
during  the  period  1983  to  1987,  it  is  natural  that  the  program  will  be 
carried  out  during  several  periods  when  the  comet  is  optically  visible, 
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SATELLITE  DURING  INITIAL  OBSERVATION  SESSION  IN  MERIT  PROGRAM 

Moscow  PIS’MA  V  ASTRONOMICHESKIY  ZHURNAL  in  Russian  Vol  10,  No  6,  Jun  84 
(manuscript  received  21  Nov  83)  pp  465-468 

NESTEROV,  V.  V.,  State  Astronomical  Institute  Imenl  P.  K.  Shternberg,  Moscow 

TAbstract]  Results  are  shown  from  processing  of  400,000  topocentric  distances 
measured  by  the  LAGEOS  satellite  during  the  period  August  through  October  1980 
during  841  passes  of  the  satellite  over  12  NASA  stations  and  3  SAO  stations 
as  part  of  the  MERIT  (Monitoring  of  Earth  Rotation  and  Intercomparing 
SchSqne  of  Observations  and  Analysis)  program.  The  first  stage  of  Ptocesslng 
consisted  of  ordering  distances  in  a  standard  format  and  smoothing  using  t 
Vondrak  method  (1969).  This  resulted  in  5,985  normal  distances,  ® 

up  the  initial  observation  material.  Computed  topocentric  distances  to  the 
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satellite  were  found  using  the  analytical  theories  of  satellite  movements 
(intermediate  orbit  based  on  the  Aksnes  theory  (1970) ,  perturbations  from  the 
Earth’s  gravitational  potential  (the  GEMIO  model),  direct  and  tidal  lunar- 
solar  perturbations  (the  Nesterov  algorithm,  1983),  perturbations  from  light 
pressure  (Aksnes,  1976),  tidal  shifts  in  the  coordinates  of  the  observing 
stations  (Cartwright  and  Taylor  1971,  Wahr  1981),  and  corrections  to  universal 
time  resulting  from  zonal  terrestrial  tides  (the  formulas  of  Yoder  et  al, 
1979)).  Differences  found  between  observed  and  computed  topocentric  distances 
formed  the  basis  for  subsequent  differential  improvement  of  the  satellite 
orbit.  Root-mean-square  residuals  for  the  orbital  fitting  were  50t'80  centi-' 
meters  for  a  5-day  interval.  Accuracy  of  results  was  greater  than  that 
obtained  using  conventional  methods.  It  is  concluded  that  the  analytical 
theories  forming  the  basis  for  the  algorithms  used  can  be  employed  in  high- 
accuracy  laser  observations  of  the  Earth's  rotation.  Figures  2; 
references  10:  2  Russian,  1  Czechoslovak,  7  Western. 

19642-17 9] 


TJDC  520.8 


FEASIBILITY  OF  A  POSTERIORI  PROCESSING  OF  ASTRONOMICAL  IMAGES 

Moscow  PIS'MA  V  ASTRONOMICHESKIY  ZHUPNAL  in  Russian  Vol  10,  No  6,  Jun  84 
(manuscript  received  27  Sep  83,  after  revision  1  Jan  84)  pp  469-473 

TSVETKOVA,  V.  S.  and  CHERNYY,  V.  6.,  Astronomical  Observatory,  Kharkov 
State  University  Imeni  A.  M.  Gorkly 

lAbstract)  The  feasibility  of  a  posteriori  processing  of  astronomical 
images  using  the  method  of  coherent  optics  is  discussed.  Optical  enhance¬ 
ment  in  a  posteriori  processing  was  attempted  with  the  Kharkov  State 
University  processor ,  which  is  able  to  handle  the  large  amounts  of  data 
found  in  astronomical  images  (lO^-lO^  bits).  Images  of  the  planet  Jupiter 
were  used  to  illustrate  the  method.  The  method  is  based  on  effects  associated 
with  the  quantum  nature  of  light  and  its  interaction  with  today’s  highly 
sensitive  photographic  films.  Isopanchrom  T-22  was  used  in  this  experiment. 
For  Jupiter,  photon  fluctuation  is  about  1%  with  a  buildup  time  of  4.0 
seconds  needed  to  create  the  density  for  darkening  the  photographic  films. 

The  magnitude  of  the  detection  quantum  effectiveness,  which  determines  the 
signal— to— noise  ratio,  is  less  than  0.3%.  This  means  that  recording  error 
at  optimal  image  scale  is  about  5% .  The  Inadequacy  of  this  standard  is  re¬ 
solved  either  by  adding  a  series  of  copies  of  the  same  image  with  subsequent 
^^^bering  or  by  filtering  a  single  image  and  then  adding  Images.  Procedures 
for  matching  film  resolution  and  spatial  resolution  are  explained.  The 
results  from  enhancement  of  the  Jupiter  images  are  shown.  It  is  concluded 
that  a  posteriori  processing  makes  it  possible  to  obtain  Images  of  extensive 
astronomical  objects  at  double  the  resolution  of  the  original  Images, 
reaching  resolutions  within  0".2-0",3  of  orbital  resolution  when  ground 
telescopes  have  been  used.  Figures  3;  references  9:  4  Russian,  5  Western. 
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UDC  520.3 


ACOUSTOOPTIC  SPECTROMETER  POR  RATAN-600  TELESCOPE 

Moscow  PIS'MA  V  ASTRONOMICHESKIY  ZHUMAL  In  Vol  1°!  f 

received  24  Oct  84  las  pntllshed],  after  revision  6  Feb  84) 

pp  ATA’-ASO 

YESEPKIMA,  B.  a.  .  7Le!tngSd”S2!h’of 'the’speclal 

ISro^"f5^;er;aL;:%S2.%flelence^.  PnlPov^ 

irrop'tic^reS^eS  i^fi^£SrctS  ?ii3  S-r 

‘Lt^r'e^^tS^  "sS“:SornrirtSi  rnLcrerir»8i  am 

^1  r5”Sfnrsir-2r4e'r/«:elier?am  ^pllfler, 

:;Lral%ecel,er^wltb  a 

measurine  430  x  220  mm,  were  made  from  TF-J  grass  ana  xu&l, 

^rli:  S'l'^A^Snirw  itTIl  W  4I  C3.  07  -d  09 

rSfe^  “"S^e  rImSe  dSrntrate  that  thls\lnd  of  spectrometer  can  be 
^“farpart  of  automatic  spectral  completes,  offering  an  extensive  range 
m  analysis  in  a  large  number  of  spectral  <=>■“ 

analyzer  parameters.  Figures  7;  references  8;  6  Russian,  2  Wes 
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TRANSFER  OF  MAGNETIC  FIELDS  IN  TURBULENT  ENVELOPE  OF  THE  SUN 

Moscow  ASTRONOMICHESKIY  ZHURNAL  in  Russian  Vol  61,  No  2,  Mar  84 
(manuscript  received  21  Jan  83)  pp  354-365 

KRIVODUBSKIY.  V.  I,,  Astronomical  Observatory  Kiev  State  University 

TATiof-rurt-l  The  turbulent  viscosity  and  transfer  speed  of  the  large  scale 
magnetic  field  In  the  photosphere  Jae  ““thnroblL 

rri^^mal^^SnSf  flSd  ttr:rh\£  ^nvectlve  zjne 
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the  effect  of  magnetic  buoyancy  and  turbulent  diamagnetism.  The  character¬ 
istic  transfer  time  of  fields  to  the  surface  Is  significantly  less  than  half 
a  solar  cycle.  Figures  4;  references  27:  14  Pvusslan,  13  Western. 
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UDC:  620.274+521,9:524.3-52 

RESULTS  OF  ASTROMETRIC  EXPERBIENT  WITH  CRIMEA-PUSHCHINO  INTERFEROMETER 

Moscow  ASTRONOMICHESKIY  ZHDRNAL  In  Russian  Tol  61,  No  2,  Mar  84 
(manuscript  received  24  Dec  82)  pp  375-381 

ZHAROV,  V.  Ye,,  KOGAN,  L.  R.  and  SOROCHENKO,  R.  L.  and  FEDOSEYEV,  Ye.  N. , 
State  Institute  of  Astronomy  Imenl  T.  K,  Shternberg;  Institute  of  Space 
Research,  USSR  Academy  of  Sciences}  Physics  Institute  Imenl  P,  N.  Lebedev, 
USSR  Academy  of  Sciences 

lAbstract]  An  analysis  Is  presented  of  astrometric  results  obtained  with 
the  Crlmea-Pushchino  radio  Interferometer  In  July  of  1981,  The  Inter¬ 
ferometer  operates  at  a  wavelength  of  1.35  cm  using  quantum  paramagnetic 
amplifiers,  hydrogen  frequency  standards  and  recording  systems.  The 
interferometer  consists  of  two  Identical  RT-22  radiotelescopes  located  in 
the  village  of  Katsiveli  in  the  Crimea  and  at  Pushchlno  near  Serpukhov,  about 
1200  km  apart  along  a  northr-south  line.  Three  radiation  sources  were 
observed  lbs'll  July;  Orlon-A,  W49  M,  W51  MAIN,  Corrections  to  the  base 
and  difference  In  nominal  frequencies  of  local  oscillators  were  obtained. 
Large  accumulations  of  sources  must  be  observed  to  decrease  the  errors  in 
these  parameters.  Figures  2;  references  9:  7  Russian,  2  Western, 
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UDC:  521.9 

DETESMINING  SCALE  IN  HOMOGENEOUS  REDUCTION  OF  INTERNATIONAL  LATITUDE 
SERVICE  OBSERVATIONS 

Moscow  ASTRONOMICHESKIY  ZHURNAL  in  Russian  Vol  61,  No  2,  Mar  84 
(manuscript  received  14  Dec  82)  pp  382-384 

RASULOV,  R.  M, ,  Main  Astronomical  Observatory,  Ukrainian  Academy  of  Sciences 

lAbstractl  A  test  was  made  to  see  how  successfully  scale  errors  had  been 
determined  and  eliminated  in  homogeneous  processing  of  ILS  observations. 

It  was  found  that  the  Yumi-Yokoyama  corrections  substantially  improved 
the  results  of  ILS  observations.  An  additional  correction  Is  computed 
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,0,  the  t,ler™eter  «l»e  K  heed  to 

Station  from  Jnly  of  tS'^pole  pnbllsliea  by  Ynml  and  Yokoyama 

corrections  to  the  coordinates  of  the  pole  p  corrections, 

and  the  recommended  values  of  x  and  Y these  corr 
Figures  1?  references  3:  2  Russian,  1  Western. 
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UDC:  629.78:612.08 

RESULTS  AND  PROSPECTS  OF  PHYSIOLOGICAL  RESEARCH  DURING  SPACEFLIGHTS 

Moscow  VESTNIK  AKADEMII  MEDITSINSKIKH  NAUK  SSSR  in  Russian  No  4,  Apr  84 
(manuscript  received  29  Jul  83)  pp  7-11 

[Article  by  0.  G.  Gazenko  (Moscow)] 

[Text]  The  development  of  space  medicine,  appearance  of  new  problems  in 
physiology  in  connection  with  preparation  for  and  performance  of  the  first 
spaceflights  are  inseparably  linked  with  the  life  and  endeavors  of  the  out¬ 
standing  Soviet  scientist,  Vasiliy  Vasil’yevich  Parin. 

V.  V.  Parin  was  one  of  the  leaders  in  physiological  research  conducted  on 
animals  during  flights  in  ballistic  rockets  and  artificial  earth  satellites. 

He  made  a  large  contribution  to  preparations  for  Yuriy  Gagarin's  spaceflight 
and  medical  support  of  the  first  mission.  V.  V.  Parin  defined  the  main  direc¬ 
tions  of  development  of  space  cardiology. 

Prompt  and  comprehensive  development  of  problems  of  space  physiology  makes  it 
possible  to  successfully  implement  medical  support  of  missions,  monitor  the 
health  status  of  cosmonauts,  use  an  effective  enough  system  of  preventive  and 
readaptation  measures. 

It  is  possible  to  simulate  the  effect  of  some  spaceflight  factors  on  man  under 
ground-based  conditions,  by  using  prolonged  antiorthostatic  [head-down  tilt] 
hypokinesia,  submerging  man  in  an  Immersion  medium,  long-term  stay  in  pressure 
chamber,  exposure  to  accelerations,  stressors,  etc.  The  results  of  ground- 
based  studies  play  a  substantial  part  in  solving  many  problems  of  space 
physiology. 

Studies  conducted  during  spaceflights  are  of  particular  importance.  To  date, 
vast  material  has  been  accumulated,  including  studies  of  cardiac  activity, 
vascular  tonus,  hemodynamics,  skeletomuscular  system,  blood,  fluid,  electrolyte 
and  hormone  metabolism,  condition  of  the  central  nervous  system,  etc. 

The  physiologically  validated  system  of  preventive  measures  used  during  missions 
makes  it  possible  to  perform  long-term  flights  without  deviations  in  status 
of  vital  systems  that  would  be  hazardous  to  man.  The  last  211-day  mission 
enriched  space  medicine  with  new  and  important  data,  indicative  of  individual 
manifestations  of  circulatory  changes  in  flight,  course  of  adaptation  and  re¬ 
adaptation  processes,  efficacy  of  preventive  measures. 
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Th.  solution  o£  problems  of  eriuSon  o/states  and 

fCllls  ofllXL,  e^osure  to^^treme  factors  in-deptb  lnvestlgat^ 

of  Effects  “r^c^lTdi^r-^LS  am  for  dlag- 

noftl/purpoLs.  as  well  as  solving  problems  of  prevention  and  rehabilxtatxon. 

The  problem  of  man's  adaptation  to  gravity  is  of  special  interest  in  connection 
with  space  exploration. 

large  living  organisms,  Including  man,  “rcLlrfm'lm 

For  smaller  ones,  for  example  insects,  surface  J-nsion  forces 
greater  significance,  while  microorganisms  are  indifferent  gr  y 
live  in  a  world  of  viscosity  and  brownian  movement. 

.  •  nn  ^hp  course  of  evolution,  which  were 

Nature  performed  two  major  oxperim  occurred  when  living 

related  to  biological  overcoming  g  ^  ^  man's  ancestor  began 

r^^Sre::ct^’^°Th:^:ri;"rtr^::ui?:^^^  of  the  structure  and 

funItL  of  tie  cardiovascular,  locomotor  and  central  nervous  system. 

•■vertical"  organisation  of ^tbem^n  body^in  the  field^of 

iLZ^ZTXt  also  generated  some  biological  J^ritlon. 

in  unstable  equilibrium,  constant  unct  .  result  the  mass  of  man's  lower 

the  lep,  isr^Ais  entire  body,  while  the  level  of 

:ftorarti:iS  ii°rerri!:;ortfnt  to  the  normal  course  of  physiological  pro¬ 
cesses  in  the  entire  body. 

i-  f-th  nipr.  there  are  very  few  mammals  that  voluntarily  assume  an 
erecrposLlon,  and  then  only  for  brief  times.  The  fact  that  man  can 
without  difficulty  is  a  major  evolutionary  achievement. 

It  should  be  noted  that  gravity,  tS^mo^eLlarl^sut 

or  in  space  does  not  have  a  0--“ .  gect  begins  to  be 

raSfeS  in  ^fgani^sL  That  ^ave  a  mass  ^i^g  «  tL lorld 

particularly  evident  in  humans  who  have  the  privilege  ot  ioox  g 
in  erect  position. 

The  adaptation  me  have  achieved  is  phylogenetic.  I"  ^e  ““se 

life,  Z  can  condition  and  refine  It  ^  “ii^ia'ed.  this 

iTXXXXyolZTZile  hLlthy  people’,  if  they  travel  in  space  where 
weightlessness  prevails. 

on  the  whole,  man  undoubtedly  is  -table  for  “gh  '^f 

d!^rsiv:S“— J  t-“  -t\i  „as  Lie  to  achieve  this  is 
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attributable  to  synthesis  of  both  his  biological  and  intellectual  capacities. 

It  became  possible  for  us  to  cause  changes,  not  only. in  the  environment,  but 
in  ourselves.  We  acquired  the  freedom  of  choice  of  purposeful  strategy  of 
behavior;  we  can  improve  our  physiological  capacities,  make  our  life  more 
stable,  prosperous  and  interesting. 

Unfortunately,  it  must  be  conceded  that,  in  invading  nature,  man  has  still  not 
learned  to  anticipate  and  prevent  the  undesirable  consequences  of  his  inter¬ 
vention  with  regard  to  the  biosphere  as  a  whole  and  himself. 

The  space  environment  is  characterized  by  profound  vacuum,  excessively  low  or, 
on  the  contrary,  excessively  high  temperatures  and  ultraviolet  radiation.  For 
this  reason,  it  is  necessary  to  provide  pressurized  cabins  on  spacecraft, 
which  are  equipped  with  an  aggregate  of  rather  complicated  life-support  systems. 
Future  habitable  installations  on  planets  or  settlements  in  space,  about 
which  much  is  being  spoken  in  recent  times,  must  also  provide  reliable  protec¬ 
tion  for  man  against  the  aggressive  effects  of  this  new  environment  for  him. 

Let  us  examine  the  nature  of  the  effects  of  spaceflight  factors  on  man  and 
the  implications  of  such  effects. 

Spaceflight  conditions  and  factors  are  diverse  in  nature.  The  most  relevant 
are  weightlessness,  cosmic  radiation,  deviation  of  environment  parameters  in 
the  craft  and  factors  that  elicit  marked  neuroemotional  tension. 

Let  us  begin  with  cosmic  radiation.  Galactic  cosmic  radiation  from  deep  space, 
radiation  from  flares  of  our  sun  and  earth’s  radiation  belts  are  the  sources 
of  this  radiation. 

Careful  dosimetry  was  performed  during  all  missions.  It  revealed  that  the 
radiation  dose  absorbed  by  a  cosmonaut  during  missions  to  the  moon  (crossing 
earth’s  radiation  belts)  constituted  about  0.5  rem.  It  increased  to  5  rem 
during  the  longest  orbital  missions  lasting  about  6  months.  However,  all 
these  levels  are  below  the  adopted  ’’allowable  radiation  dose.” 

The  situation  will  change  radically  if  we  undertake  interplanetary  flights. 

In  this  case,  galactic  cosmic  radiation,  which  consists  of  nuclei  of  chemical 
elements  with  a  relativistic  velocity,  may  acquire  biological  importance. 

Weightlessness  is  another  important  factor  of  spaceflights.  How  does  man 
react  to  it?  On  the  conscious  level — by  more  or  less  marked  spatial  disorienta¬ 
tion  and  a  broad  spectrum  of  emotional  reactions,  positive  or  negative  in 
nature.  On  the  level  of  autonomic  functions — by  equivalents  of  physiological 
reactions  that  occur  on  earth  when  man’s  motor  activity  is  drastically  reduced 
(hypokinesia) ,  when  he  assumes  a  horizontal  position  (bedrest)  or  submerges  in 
water  (immersion) . 

The  mechanisms  of  functional  changes  in  weightlessness  are  initially  due  to 
the  following  three  basic  causes:  change  in  afferent  part  of  the  nervous  system, 
removal  of  hydrostatic  blood  pressure  and  absence  of  weight  on  the  skeleto- 
muscular  system. 
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Illusions  referable  to  the  body’s  position  or  movement  in  space  are  the  firs 
manifestation  of  the  effect  of  weightlessness.  The  illusions  are 
impairment  of  coordinated  function  of  such  sense  organs  as  the  vestibula 
civ^tem  of  the  inner  ear,  vision,  cutaneous  and  muscular  sensibility.  Man 
experiences  the  sensation  of  falling  or  flying  upside  dom. 
tions  of  discomfort,  manifested  by  vertigo,  etc.,  are  often 

somewhat  later  is  a  group  of  reactions  that  are 

of  hvdrostatic  blood  pressure  in  weightlessness,  since  blood  itself  becomes 
wfiStless!  As  a  result,  there  is  redistribution  of  mass  of  circulating  blood: 

blood  passes  from  the  lower  part  of  the  body  to  the  ^  '"''SS^SLation 

influx  of  blood  to  the  heart  increases  its  intrathoracic  volume.  This  ^ituatio 
•a  Tioi-rpivpd  as  an  emergency  by  the  nervous  elements  that  control  the  volume^ 
Ld^pressure  of  circulating  blood.  There  is  triggering  of  regulatory  mechanisms 
Hat  Tell  to  reduction  of  circulating  blood  volume.  Here,  an  important  role 
is  Dlaved  by  diminished  production  of  corresponding  hormones,  as  a  result  o 
rhP  kidnevs  excrete  more  fluid  and  electrolytes.  Concurrently,  there 
If  f  a^d  a  nagatlva  fluid  balanca  Is  -tabllshed.  The  weight 

loss  at  the  first  phase  of  flight  is  attributed  expressly  to  this.  The 
visible  signs  are  hyperemia  and  edema  of  the  face,  redness  of  the  eyes.  As  a 
result,  thi  phenomenon  of  "deconditioning  of  the  cardiovascular  system  y 
appear  after  2—3  weeks  of  flight. 

further  exposure  to  weightlessness,  the  next  group  of  reactions  appears, 
llT.  of  f I  If fof  wiight  from  the  akeUtcusoular  systet,. 

Sfmfllea,  particularly  tonic  onea  which,  as  we  know,  organise  and  ^intain 
a  specific  position,  leads  to  their  partial  atrophy.  This  is  reflected  y 
a  cLnge  in  protein  and  electrolyte  metabolism,  as  well  as  general 
of  tL  body.  There  is  noticeable  change  in  coordination  of 

the  entire  nature  of  motor  activity  acquires  new  features:  man  does  not  walk 
rathS  he  floats  in  the  spacecraft.  At  this  time,  loss  of  muscle  mass  chiefly 
TefeTake  to  muscles  of  the  lower  extremities  and  back,  starts  to  have  the 
most  significance  in  the  structure  of  weight  loss. 

With  reference  to  bones,  one  observes  signs  of  osteoporosis  related  to  loss  of 
Llcium  and  phosphorus  salts.  Thus  far,  calcium  loss  and, 

.  ci-rpTiffth  of  the  skeleton,  have  not  become  threatening,  even  in  t  e  g 

f uffs®  Hfcfer, fSl  wl  learn  to  reliably  eliminate  these  phenomena,  they 

may  become  an  obstacle  to  extending  missions. 

Nevertheless,  on  the  basis  of  accumulated  experience,  the  impression  as  a  whole 
IrS™d  Ihat  man  can  adapt  satisfactorily  to  P-l-^ed  weightlessness  I  as 

earth. 

All  people  who  have  been  in  orbit  experience  certain  difficulties,  often  signi- 
ficant  ones,  expressly  after  returning  to  earth. 

lllpSof if Ipirefirghf !  ferfS  f f f Sgisrnf if Inf-Ifl of:  and  why 
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it  is  mandatory  for  cosmonauts  to  use  a  special  system  of  protective  and  pre¬ 
ventive  measures  that  minimize  the  adverse  sequelae  of  weightlessness  effects. 

The  strategy  of  medical  support  of  missions  amounts  to  controlling  the  health 
status  of  cosmonauts,  more  specifically,  control  of  adaptation  processes  so 
that  man  would  adapt  moderately  to  weightlessness  without  losing  adaptation 
to  the  customary  gravity  on  earth. 

Let  us  discuss  briefly  the  problems  of  reliability  and  risk.  j 

They  amount,  in  essence,  to  continuous  improvement  of  flight  safety  by  improving 
reliability  of  both  space  equipment  and  man. 

In  defining  the  safety  level  or  "allowable  risk,"  it  is  necessary  to  take  into 
consideration  possible  inflight  changes  in  health  status,  long-term  implications 
to  health  and  genetic  changes. 

Analysis  of  the  nature  and  incidence  of  diseases  among  cosmonauts  fails  to 
reveal  any  differences  from  morbidity  among  pilots  of  jet  aircraft  and  heli¬ 
copters.  The  same  applies  to  preliminary  evaluation  of  long-term  consequences 
and  genetic  changes.  How  can  one  assess  the  risk? 

We  can  be  guided  by  evaluation  of  the  risk  of  demographic  failure  on  the  basis 
of  data  referable  to  the  last  20  years  of  space  missions.  It  was  found  that 
the  demographic  failure  risk  for  cosmonauts  is  the  same  as  for  test  pilots 
and  professional  boxers. 

The  main  task  of  space  medicine  is  to  assure  the  safety  and  reliability  of 
man  during  spacef Igihts.  In  practice,  this  means  implementation  of  the 
already  existing  and  rather  well-developed  system  of  medical  measures. 

These  measures  include  screening  and  training  of  crews  on  the  basis  of  medical 
criteria,  sanitary  and  hygienic  monitoring  of  habitat  in  a  spacecraft  and 
operation  of  life-support  systems,  medical  monitoring  of  crew’s  health  status 
and  rendering  medical  care,  performance  of  a  set  of  preventive  measures  to 
stabilize  physical  condition  and  preserve  the  crew’s  work  capacity. 

Our  knowledge  and  knowhow  are  growing  from  flight  to  flight.  This  makes  it 
possible  to  take  each  successive  step  with  greater  confidence  and  to  achieve 
more  significant  results. 

The  prospects  of  operating  permanent  orbital  platforms,  where  people  can  live 
and  work  in  space  for  a  virtually  unlimited  time,  are  emerging  with  increasing 
clarity. 

It  will  be  possible  to  achieve  such  plans,  which  are  outstanding  in  implications 
and  boldness,  only  when  space  exploration  will  develop  in  a  peaceful  direction 
for  the  good  of  all  people. 

At  the  present  stage  of  development  of  space  medicine,  the  objectives  of 
physiological  research  in  this  area  are  related  to  increasingly  complicated 
flight  conditions,  repeated  participation  in  missions  of  the  same  cosmonauts. 
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'  1  midflle-aBed  ones,  the  need  to  retain  high  work  capacity  for  the 

duration  of  the  mlaalons.  refinement  of  the  system  of  diagnosing  states, 
medical  monitoring  and  prevention. 

ml.  u  inomin  hv  V  V  Parin,  which  is  continued  now  by  his  disciples  and 

Sworkerr^'is  dlvelopilg  wkl.  Substantial  advances  have  been  made  solving 
problems  of  effects  of  spaceflight  factors  on  the  body.  Many  interesting 
?  u  in  recent  years  in  the  area  of  simulating  spaceflight 

orthe  body.  Major  research  In  this  direction  is  being 

of  the  Institute  of  Biomedical  Problems,  USSR  Ministry  of  Health. 

n  nn  rhp  effect  of  weightlessness  on  fluid-electrolyte 

important  data  were^obtained^on^the^effect^of^^^^g^ 

tb^ra^nrof  correcting  chLges  in  fluid-electrolyte  metabolism  at  the  final 
stages  of  space  missions.  B.  M.  Fedorov,  R.  M.  Bayevskiy  and  many  other 
disciples  aL  followers  of  Vasiliy  Vasil’yevich  have  developed  pressing  an 
important  problems  of  space  physiology  and  medicine. 

c  of-oi.c  of  uhvsiologically  determined  rehabilitation  measures  have  been  developed 
u  with  success*  their  use  provides  optimum  conditions  for  rapid 

rLtoratio^of  impaired  body  functions  with  the  change  from  weightlessness  to 
earth's  gravity. 

With  respect  to  solving  future  problems  of  space  physiology,  of 
l^ce  C  comprShcnsivc  Lvebtlgatlon  of  mcchanisma  of 
deaLptatlon  and  readaptation,  control  of 

ldJnSSlhe":raii:::^  raS^tit^r^d  S^tir rLuelop  methods  of 
controlling  them  during  exposure  to  spaceflight  factors. 

mu  V  rif  V  V  Parin  laid  the  foundation  for  investigation  of  these  matters, 

Ind  Itls  bel;g  defelo^ed  with  success,  enriching  space  medicine  theory  ana 
practice,  and  providing  for  successful  development  of  cosmonautics. 
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INTRACARDIAC  HEMODYNAMICS  AND  HUMAN  HEART  FUNCTION  IN  SIMULATED  WEIGHTLESSNESS 

Moscow  VESTNIK  AKADEMII  MEDITSINSKIKH  NAUK  SSSR  in  Russian  No  4,  Apr  84 
(manuscript  received  29  Jul  83)  pp  32-38 

[Article  by  Ye.  B.  Shul'zhenko,  L.  I.  Kakurin,  A.  A.  Savilov  and  A.  M.  Babin 
(Moscow) ] 

[Text]  According  to  the  existing  hypothesis,  one  of  the  principal  triggering 
mechanisms  of  changes  in  cosmonauts'  cardiac  function  is  redistribution  of 
blood  to  vessels  in  the  upper  half  of  the  body,  which  is  inherent  in  weightless¬ 
ness.  This  can  be  associated  with  impaired  blood  flow  in  the  pulmonary  circula¬ 
tion,  increased  delivery  of  blood  to  heart  chambers,  as  well  as  elevation 
of  pressure  in  the  heart  and  pulmonary  artery.  Thus, the  heart  of  cosmonauts 
apparently  functions  under  a  hemodynamic  volume  and  pressure  load  in  weight¬ 
lessness.  It  is  quite  significant  that  objective  and  subjective  signs  of 
plethora  of  vessels  in  the  upper  half  of  the  body  during  spaceflights  may 
persist  for  a  rather  long  time  (Ye.  I.  Vorob'yev  et  al.,  1969;  I.  I.  Bryanov  et 
al.,  1970;  A.  D.  Yegorov,  1982;  W.  Thornton  et  al.,  1977,  and  others). 

In  spite  of  the  fact  that  much  attention  was  given  to  investigation  of  the 
effects  of  weightlessness  and  other  spaceflight  factors  on  the  human  cardiovas¬ 
cular  system,  some  aspects  of  this  problem  are  still  insufficiently  clear. 
Further  purposeful  investigation  is  required,  in  particular,  of  questions 
dealing  with  the  effect  of  weightlessness  on  intracardiac  hemodynamics  and 
function  of  the  human  heart.  The  lack  of  needed  volxome  of  information  on  this 
score  is  largely  related  to  the  fact  that,  until  recently,  indirect,  estimation 
methods  of  studying  pumping  and  contractile  functions  of  the  heart  were  used 
for  inflight  cardiological  studies,  and  their  Informativeness  and  accuracy 
are  limited  to  some  extent. 

Our  main  objective  here  was  to  investigate  the  phenomenology  and  mechanisms  of 
development  of  changes  in  hemodynamics  and  function  of  the  human  heart  during 
the  acute  period  of  adaptation  of  the  cardiovascular  system  to  simulated  weight¬ 
lessness.  The  main  experimental  model  of  weightlessness  was  to  have  healthy 
males  spend  7  days  under  strict  bedrest  conditions  with  the  head  tilted  below 
the  horizontal  line  (antiorthos tatlc  hypokinesia — AOH) .  As  shown  by  the 
results  of  previous  studies,  it  is  possible  to  reproduce  the  redistribution  of 
blood  to  vessels  of  the  upper  half  of  the  body  more  fully  with  AOH  than  with 
hypokinesia  in  horizontal  position  (A.  M.  Genin,  L.  I.  Kakurin,  1972;  A.  V. 
Beregovkin,  V.  V.  Kalinichenko,  L.  I.  Kakurin  et  al.,  1975;  V.  M.  Mikhaylov  et 
al.,  1979,  and  others). 
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..e  distinction  t.f CLlfatr iftSt"^ 

:XirrL« 

iSiS? 

H.  Feigenbaum,  1976,  and  others). 

It  should  be  stressed  that  this 

those  used  until  advantage  of  echocardiography  is  that 

(L.  I.  Kakurin  et  al.,  1980).  The  i3  particularly 

it  is  possible  not  only  to  prehsion,  the  changes  in  basic 

important)  quantitatively,  architectonics,  intracardiac  hemodynamics, 

parameters  characterizing  cardiac  nrchitecton  ,  relevant  to 

pumping  and  contractile  functions  of  the  It  doS  not  require 

spaL  medicine  that  this  method  is  "5 side-effects  in  the 

intravascular  intervention  an  oes  n  subjects.  In  actuality, 

form  of  changes  in  circulatory  system  ^  methods  for  medical  examination 

of  coiilnautfif flSf andrprovided  the  appropriate  equipment  is  there,  can 
bfi  used  on  onbita.!  stations. 

The  studies  were  conducted  using  the  p"iSr°flrrtS«d 

^th  a  series-produced  Hchovlew-SOCde^^^^^^^^^^ 

?^ff:lio„fng^:eln%arawlters:  thlchness  amplitude  and  ra« 

the  interventricular  septum  and  m  systole  and  dia- 

of  the  aorta  and  left  atrium,  *»=  .  volumes  of  the  left  ventricular 

stole,  end  systolic  (ESV)  and  end  f«“lic  (ED«  volumes  o 

Chamber,  «roke  vol™e  anteroposterior  site  of  left 

ejection  fraction  (EF) ,  degr  circular  shortening  of  myo- 

ISririlSe")!^  ^recor  the  e-ocardio„^^ 

y^  T^flLk^vn^t'iqS;  V.  r^a^etskiy  et  al  1979;  L.  Teichholz  et  al., 
1972;  R.  Popp,  D.  Harrison,  1974;  H.  Feigenbaum,  1976). 

At  the  first  stage  of  -r  work  J.^i^fchoLa^t^po^ 

heart  function  during  brief  (10  15  min)  y  relation  to  the 

with  the  body  tilted  at  different  “f “^^""^^^./"vavJaled  that  Increase  In 
horlaontal  line.  Analysis  of  the  CO  „ere  the  most 

systolic  and  diastolic  volumes ;  ^acflL  to  loP.  With  good  tolerance 

typical  manifestations  of  the  heart  associated  with  appreciable 

of  this  factor,  the  >'>°v®rp"‘“ned  changes  w  myocardial  contractility 

changes  In  echocardiographic  parameters  ventricle, 

'flnf io^fi;rrtfraif L:r:irtLfi;  fm^erately  after  retnrnlng  the 
subjects  to  horizontal  position. 

The  pattern  of  changes  In  the  parameters  ot^deliveiy^of^blood  And^P^^P  E 

^n^eLfs  S^difs!  ”ci\t  was  found  that  the  change  of  healthy  suhiects 
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to  AOP  is  associated  with  marked  increase  in  return  of  venous  blood  to  the 
heart  and  blood-filling  of  vessels  in  the  upper  half  of  the  body  (D.  A. 

Alekseyev,  1974;  I.  D.  Pestov,  1974;  C.  Blomquist  et  al.,  1980;  J.  Nixon  et  al., 
1979;  U.  Gebhardt  et  al.,  1980,  and  others).  And,  as  indicated  by  the  results 
of  radioisotope  studies  (V.  I.  Lobachik  et  al.,  1975,  1982;  Ye.  I.  Vorob'yev 
et  al.,  1979)  and  studies  Involving  cardiac  catheterization  (V.  Ye.  Katkov  et 
al.,  1978,  1979,  1982;  V.  V.  Chestukhin  et  al.,  1981),  in  AOP  (at  angles  of  -15° 
to  -30°)  there  is  not  only  increase  in  delivery  of  blood  to  intrathoracic 
vessels,  but  marked  elevation  of  pressure  in  cardiac  chambers  and  the  pulmonary 
artery,  as  well  as  in  tension  developed  by  the  heart. 

Thus,  the  dynamics  of  echocardiographic  parameters  demonstrated  when  subjects 
were  changed  to  AOP  were  closely  related  to  the  observed  hemodynamic  changes, 
and  they  indicated  that,  under  such  conditions,  the  human  heart  functions 
under  a  volume  and  pressure  load. 

Use  of  ultrasound  echocardiography  during  the  antiorthostatic  tests  made  it 
possible  to  make  a  quantitative  assessment  in  a  noninvaslve  way  of  the  changes 
that  occurred  in  condition  and  performance  of  the  heart,  and  thereby  to  augment 
substantially  the  Informativeness  of  this  functional  test.  In  fact,  with  use 
of  this  method,  it  is  possible  to  use  the  AOP  test  not  only  to  assess  functions 
of  the  cardiovascular  system  as  a  whole,  but  to  detect  functional  reserves  and 
Individual  compensatory  and  adaptive  reactions  of  the  heart  of  subjects,  includ¬ 
ing  cosmonauts,  in  order  to  evaluate  the  degree  of  their  deconditioning  to 
gravitational  redistribution  of  blood. 

It  should  be  stressed  that  the  extent  of  increase  in  volumetric  echocardiographic 
parameters  observed  in  AOP  depended  on  the  size  of  the  angle  of  inclination  of 
the  body  in  relation  to  the  horizontal  line.  Thus,  with  a  head-down  tilt  of  4° 
the  increase  in  ESV  and  EDV  did  not  exceed  on  the  average  6  and  2%,  respectively, 
whereas  with  a  30°  tilt,  it  reached  32  and  20%.  Analysis  of  the  findings 
revealed  that  the  test  with  a  -30°  angle  of  tilt,  with  which  there  was  the  most 
marked  and  persistent  increase  in  ESV,  EDV,  SV  and  CO,  is  the  most  Informative 
as  a  functional  test  for  examination  of  cardiac  function.  However,  such  a 
large  angle  was  found  to  be  unacceptable  for  subsequent  use  of  AOP  in  tests 
lasting  up  to  7  days.  The  reason  for  this  was  mainly  that  the  subjects 
developed  unpleasant  sensations  related  to  marked  redistribution  of  blood  and 
discomfort  of  maintaining  for  7  days  a  specified,  fixed  body  position  at 
such  a  large  angle  in  relation  to  the  horizontal  line. 

For  this  reason,  at  the  second  stage  of  our  studies,  where  7-day  AOH  was  used, 
we  took  an  angle  of  -15°,  at  which  we  observed  rather  stable,  though  less 
marked  than  with  an  angle  of  -30°,  increase  in  volumes  of  the  left  ventricular 
chamber,  SV  and  CO.  Moreover,  the  subjects  tolerated  this  test  quite  satis¬ 
factorily,  without  appearance  of  marked  unpleasant  sensations. 

The  change  in  volumes  of  the  left  ventricle  during  7-day  AOH  consisted  of  a 
tendency  toward  6%  increase  in  ESV,  as  well  as  more  marked  and  statistically 
reliable  (P<0.05)  Increase  of  EDV  (by  15%).  Gradual  restoration  of  virtually 
base  level  of  ESV  and  EDV  starting  on  the  2d-3d  day  of  AOH  was  a  distinctive 
feature  in  the  dynamics  of  these  parameters  (see  Figure,  a) . 
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Chanees  in  ESV  and  EDV  of  left  ventricle  (a)  heart  rate  (HR) ,  Sy 
2TcO  (b)  of  healthy  males  (n  =  6)  during  7-day  AOH  wxth  -15  body 

^X-Lis,  time  (days);  y-axes,  corresponding  change  (%)  in  relation 
to  background.  Asterisk  shows  statistically  reliable  change  in 
relation  to  background  (horizontal  position). 


Analogous  changas  were  also  present  in  .ean  cardiac  f  ™  t 

and  statistically  reliable  (P<0.05)  increase  in  which 

only  on  the  first  3  days  of  AOH  (see  Figure,  b).  And  just 

“LtlLirafSi^firstlragt”  ^^tfr  lorthf^heLr;  hypokinesia.  It 
Sould  be  noted  that  a  similar  secondary  decrease  volumes  had  been 

Observed  in  cosmonauts  right  after  completion  of  a  mission  (G.  A.  Fomina, 

1979;  W.  Henry  et  al.,  1975). 

An  inherent  distinction  of  the  heart's  reaction  to  7-day  AOH  was  absence  of 
cliniLlly  significant  and  statistically  reliable  changes  in  echocardiographic 
parameters  reflecting  myocardial  contractility,  including  the  most  informat  v 
parameters,  such  as  EF,  SS  and  RCS. 

There  were  similar  patterns  of  echocardiographic  parameters  reported  by  several 
lutborrwltrSilahon  of  hemodynamic  effects  of  sightlessness  by  -bm^ging 
Tina!  thv  neople  in  an  immersion  medium.  Thus,  according  to  .  -i  i 

Babin  a983)  7-day  "dry  immersion"  (Ye.  B.  Shul'zhenko,  1975)  of  essentially 
Wthf  Skts  was  asLciated  with  statistically  . 

nf  FBV  and  EDV  (by  14-23%)  of  the  left  ventricle,  as  well  as  SV  and  CO  '-by 
fs'/f  w^tL«  appLciable  changes  in  echocardiographic  parameters  of  myocardial 
cofthrtUiS.  tot  S  was  th!  case  after  AOH  (-15”)  and  spaceaights  of  differ- 
ent  duration,  after  coming  out  of  the  immersion  medium  the  absolute  values 
the  above-mentioned  volumetric  echocardiographic  parameters  were  lower, 
only IrLm^irison  to  the  last  day  of  immersion,  but  background  levels. 
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Comparatively  more  marked  increase  in  heart  chamber  volumes  was  noted  by 
several  authors  when  subjects  were  submerged  in  seated  position,  which  was 
associated  with  marked  increase  in  central  blood  volume,  central  venous 
pressure,  as  well  as  intrathoracic  and  transmural  pressure  (M.  Arborelius  et 
al.,  1972). 

The  cardiovascular  changes  observed  with  AOH  and  immersion  were  not  pathological 
in  nature,  they  were  not  associated  with  appearance  of  echocardiographic  signs 
of  impaired  myocardial  contractile  function  and  were  consistent  with  changes 
observed  under  such  experimental  conditions  in  central  and  peripheral  hemodynam^ 
ics,  namely,  marked  redistribution  of  blood  in  a  cranial  direction  and,  as  a 
consequence  of  this,  increased  venous  return  to  the  heart,  as  well  as 
possible  increase,  under  these  conditions,  of  pressure  in  its  chambers  and  sys¬ 
tem  of  the  pulmonary  artery  (Kh.  Kh.  Yarullin  et  al.,  1980;  Ye.  I.  Vorob'y^v 
et  al.,  1979;  V.  Ye.  Katkov  et  al.,  1978,  1979). 

Of  course,  plethora  of  intrathoracic  vessels  and  cardiac  chambers  observed  in 
simulated  and  real  weightlessness  leads  to  development  of  corresponding  com¬ 
pensatory  and  adaptive  reactions  of  the  cardiovascular  system,  which  are  aimed 
at  hemodynamic  unloading  of  the  heart  and  pulmonary  circulation,  as  well  as 
providing  a  CO  that  is  adequate  to  the  body’s  requirements. 

One  of  the  main  triggering  mechanisms  of  these  compensatory  reactions  is 
apparently  stimulation  of  reflexogenic  baroreceptor  zones  of  the  heart,  lungs 
and  beginning  segment  of  the  arterial  bed  (especially  of  the  atria,  aorta  and 
carotid  sinus),  which  leads  to  expression  of  "unloading"  reflexes  directed  to 
toward  normalization  of  pressure  and  blood  flow  in  central  and  peripheral  ves¬ 
sels  (V.  V.  Parin,  1939;  V.  V.  Parin  and  F.  Z.  Meyerson,  1965;  K.  Schwieg,  K. , 
1935),  i.e.,  reflexes,  in  discovery  and  description  of  which  V.  V.  Parin 
played  a  significant  part. 

In  the  opinion  of  most  specialists  working  in  the  field  of  space  medicine,  one 
of  the  main  mechanisms  of  acute  adaptation  of  the  human  cardiovascular  system  to 
weightlessness  is  also  a  decrease  in  circulating  blood  volume  as  a  result  of 
the  Henry-Gauer  reflex  in  response  to  stimulation  of  volumoreceptors  of  the 
left  atrium  caused  by  increased  delivery  of  blood  to  the  chambers  of  the  heart 
(V.  V.  Parin,  1939;  A.  I.  Grigor’yev,  1980;  0.  Gauer,  J.  Henry,  1956,  1963; 

0.  Gauer  et  al.,  1970;  0.  Gauer,  1973). 

Unloading  of  intrathoracic  vessels  and  the  heart,  as  a  result  of  adaptive  change 
in  tonus  of  peripheral  vessels  and,  as  a  consequence,  deposition  of  blood  in 
vessels  of  the  abdominal  cavity  and  other  vascular  regions  (V.  I.  Lobachik  et 
al. ,  1975)  may  be  another  equally  significant  mechanism  for  normalizing  hemo¬ 
dynamics  in  weightlessness. 

The  nature  of  cardiac  adaptation  to  changes  in  central  and  peripheral  hemodynam¬ 
ics  at  different  stages  of  real  and  simulated  weightlessness  depends  appreciably 
on  the  adequacy  and  efficacy  of  these  compensatory  reactions. 

It  should  be  stressed  that  the  dynamics  of  echocardiographic  parameters  of  the 
subjects  during  7-day  AOH  and  immersion  were  characterized  by  marked 
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individuality,  particularly  in  the  second  half  of  the  experimental  period,  when 
their  condition  and  extent  of  observed  changes  depended  largely  on  individua 
distinctions  of  adaptation  to  AOH  and  immersion,  i.e.,  adequacy  and  quality  of 
adaptive-compensatory  reaction  of  the  circulatory  system.  ^ 

the  noted  changes  in  echo car dio graphic  parameters  also  depended  on  constitu¬ 
tional  distinctions  of  the  subjects  and  their  initial  functional  state,  parti- 
cularly  that  of  the  cardiovascular  system  before  starting  the  tests. 

Previously,  tests  with  water  immersion  revealed  a  clearcut  dependence  of  com¬ 
pensatory  diuresis  on  level  of  initial  hydration  of  the  subjects  body.  Thus, 
in  those  with  normal  hydration  there  was  increase  in  excretion  of  free  fluid, 
whereas  in  dehydrated  subjects  there  was  increase  in  osmolar  clearance 
(H.  Sandler,  1981). 

Several  authors  also  found,  when  subjects  changed  to  AOP,  a  substantial  differ¬ 
ence  in  dynamics  of  pressure  in  the  cardiac  chambers,  particularly  the  right 
atrium  and  ventricle  (V.  Ye.  Katkov  et  al.,  1981). 

Thus  in  order  to  demonstrate  the  most  typical  reactions  of  the  heart  in  the 
acute  period  of  adaptation  to  simulated  weightlessness,  it  is  necessary  to  con¬ 
tinue  the  echocardiographic  studies  with  involvement  of  healthy  subjects  diffe 
inrin  tolerance  of  gravitational  redistribution  of  blood.  Such  work  would 
make  it  possible  to  make  a  more  complete  study  of  the  distinctions  in  th 
adverse  Lmodynamic  effects  of  weightlessness  on  human  heart  function  and  pre¬ 
dict  more  accurately  individual  distinctions  of  cosmonauts  cardiovascular 
system  reactions  when  they  are  exposed  to  weightlessness. 

on  the  whole,  the  data  obtained  to  date  are  indicative  of  the  theoretical  possi¬ 
bility  of  using  AOH  and  "dry"  Immersion  for  ground-based  simulation  of  bemodynam 
ic  efLcts  of  weightlessness.  However,  the  final  answer  to  the  question  jhich 
of  these  experimental  models  of  weightlessness  permits  most  adequate  simulat 
of  changes  that  occur  in  flight  in  intracardiac  hemodynamics  , 

the  human  heart  can  only  be  obtained  after  comparing  the  results  of  experime 
studies  to  the  results  of  analogous  inflight  echocardiographic  f 
nauts  The  feasibility  and  benefit  of  such  studies  are  very  clearly  evident 
from  the  advances  made  by  Soviet  specialists  with  regard  to 

able  medical  equipment  designed  for  use  under  the  specific  conditions  of  space 
flight  as  well  as  the  successful  fulfillment  of  the  extensive  Program  of  ®cho- 
studies  during  the  Joint  Soviet-French  flight  aboard  the  Salyut-7 

orbital  station. 
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COSMONAUTS*  CARDIOVASCULAR  SYSTEM  FUNCTION  DURING  LONG-TERM  ORBITAL  FLIGHTS 
ABOARD  SALYUT-6  STATION 
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[Article  by  A.  D.  Yegorov,  0.  G.  Itsekhovskiy,  V.  F.  Turchaninova ,  I.  V. 
Alferova,  A.  P.  Polyakova  and  V.  I.  Bernadskiy  (Moscow)] 

[Text]  Evaluation  of  functional  state  of  the  cardiovascular  system  during 
long-term  spaceflights  is  made  by  means  of  functional  tests  with  use  of 
lower  body  negative  pressure  (LBNP)  and  graded  physical  loads  (GPL)  on  a 
cycle  ergometer.  The  former  test  simulates  orthostatic  factors  in  weightless¬ 
ness  and  permits  determination  of  readiness  of  postural  mechanisms  for 
gravity  forces.  The  latter  test  makes  it  possible  to  evaluate  the  work 
capacity  of  cosmonauts  according  to  their  hemodynamic  reaction  to  a  specific 
physical  exercise. 

Orthostatic  tolerance  during  spaceflights  is  given  much  attention,  since  a 
decrease  in  it  reflects,  to  a  significant  extent,  deconditioning  of  the 
cardiovascular  system  with  regard  to  gravity  loads.  Intensification  of  the 
reaction  to  orthostatic  tests  and  LBNP  was  observed  in  cosmonauts  following 
most  space  missions,  regardless  of  their  duration  (Ye.  I.  Vorob*yev  et  al., 
1970a;  Ye.  I.  Vorob*yev  et  al.,  1970b;  Berry,  1961).  More  marked  changes  in 
parameters  of  the  circulatory  system  to  LBNP,  as  compared  to  preflight  patterns, 
were  also  noted  during  flight  aboard  orbital  stations  of  the  Salyut  type  (V.  A. 
Degtyarev  et  al.,  1974,  1977,  1980)  and  Skylab  (R.  Johnson  et  al. ,  1974). 

During  the  Salyut-1  mission,  data  were  also  obtained  for  the  cosmonauts  that 
indicated  some  elevation  of  circulatory  parameters  under  the  influence  of 
exercise  (V.  A.  Degtyarev  et  al.,  1974).  These  phenomena  were  related  to 
development  of  signs  of  deconditioning  of  the  cardiovascular  system  under  the 
influence  of  weightlessness  factors.  At  the  same  time,  in  crew  members  of 
Salyut-4  and  Skylab,  for  whom  physical  exercise  was  increased,  the  general 
reaction  of  the  circulatory  system  to  a  physical  load  in  flight  did  not 
differ  on  the  whole  from  preflight  findings,  whereas  upon  return  to  earth  a 
substantial  decline  of  tolerance  of  physical  loads  was  demonstrable  (V.  G. 
Doroshev  et  al.,  1977;  Michel  et  al.,  1971).  The  phenomenology  of  these  changes 
had  not  been  sufficiently  explained  in  studies  referable  to  prior  missions  due 
to  the  limited  amount  of  facts.  Our  objective  here  was  to  provide  an  overall 
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assessment  of  cardiovascular  reactions  to  the  above-mentioned  functional  tests 
in  10  members  of  the  principal  crews  (commanders— CDR  and  flight  engineers- 
FLE)  of  the  Salyut-6  station  when  their  stay  in  weightlessness  was  extended 

to  96-185  days. 

Scope  and  Methods 

A  pneumovacuum  suit  was  used  for  LBNP;  it  was  worn  on  the  lower  half  of  the 
body  and  sealed  on  the  level  of  the  iliac  crests.  Rarefaction  conditions: 
-25mmHg — 2  min  and  -35  mm  Hg — 3  min. 

The  load  test  was  performed  using  a  cycle  ergometer,  with  pedaling  at  the 
rate  of  750  kg-m/min  for  5  min.  During  the  session  of  telemetry  communications, 
the  following  parameters  were  recorded:  pressure  in  the  vacuum  gear  during  LBN  , 
kinetocardiogram  from  the  region  of  the  apex  beat,  tachooscillogram  of  the 
brachial  artery  and  pressure  mark  in  a  compression  cuff  (recording  it  about 
once  per  min),  sphygmogram  of  the  femoral  artery  (in  the  upper  third  of  the 
tMjh)!  rLci;c4haL8?am  of  the  right  and  left  cerebral  hemlapheres.  Through¬ 
out  the  test  with  the  physical  load,  we  recorded  the  ECG  In  the  DS  lead, 
before  and  after  the  load  the  rheogram  of  the  trunk  with  circular  electrodes  on 
the  upper  third  of  the  arm,  kinetocardiogram,  sphygmogram  of  the  femoral  artery 
and  tachooscillogram.  The  obtained  Information  was  transmitted  to  earth  via 
telemetry  channels.  Data  processing  included  determination  of  heart  rate  (HR), 
stroke  volume  and  cardiac  output  (CO),  minimum,  mean,  lateral  and  end  systol  , 
pulsed  arterial  pressure  (AP) ,  rate  of  propagation  of  pulse  wave  in  aorta 
(RPPW) ,  duration  of  phase  of  isometric  contraction,  period  of  ejection  o 
blood  by  left  ventricle,  interphase  coefficients,  phase  of  isometric  relaxatio  , 
rapid  filling,  actual  and  nominal  specific  peripheral  resistance  (S  ). 

Stroke  volume  was  calculated  during  LBNP  by  the  method  of  Bremser-Ranke  (N.  N. 
Savitskiy,  1961)  and  during  exercise  using  the  formula  of  ^  ^ 

AP  parameters  were  determined  by  the  method  of  N.  N.  Savitskiy  (1961)  and 
duration  of  phases  of  the  cardiac  cycle  by  the  method  of  L.  B.  Andreyev  an 
N  B.  Andreyevs  (1971),  as  modified  by  N.  B.  Degtyarev  (1968).  The  severity  of 
cardiovascular  reactions  to  inflight  functional  tests  was  compared  to  reactions 
in  ground— based  tests,  which  were  considered  the  control. 

The  obtained  information  was  submitted  to  statistical  processing  on  an  YeS  1033 
computer.  Medical  parameters  were  studied  by  two-factor  dispersion  analysis. 

We  studied  the  effect  on  physiological  parameters  of  duration  of  spaceflig 
(factor  A,  in  1-day  gradations  during  flight) ,  tests  (factor  D  witn  rarefac¬ 
tion  periods  as  gradations  for  LBNP  and  exercise  periods  for  ergometry) ,  as 
well  as  interaction  of  these  two  factors.  The  S  "method  of  multiple  comparison 
that  we  used  enabled  us  to  compare,  in  the  case  of  statistical  signi 
factor  A,  the  mean  values  for  the  test  in  physiological  parameters  and  find 
the  periods  during  which  the  medical  parameters  differed  substantially  from 
their  preflight  values. 

Results  of  Tests  With  LBNP 

With  inflight  LBNP,  4  cosmonauts  (FLE-1,  FLE-2,  CDR-2  and  CDR-4)  presented 

an  increase  in  HR,  in  relation  to  the  ground-based  values  (by 

the  average  in  the  course  of  the  mission) .  There  was  also  increase  i 
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increment  in  relation  to  base  values,  although  it  was  substantial  only  in 
FLE-1  (average  of  22%,  versus  12%)  in  virtually  all  of  the  inflight  tests. 
Conversely,  in  CDR-1,  the  HR  changes  in  flight  were  less  marked  in  4  out  of 
5  inflight  tests  than  before  the  mission.  FLE-4  also  presented  a  less  marked 
reaction  (+21%  versus  +33%) . 

There  was  different  manifestation  of  AP  dynamics  during  LBNP,  in  relation  to 
base  values:  in  CDR-1  and  FLE-4,  the  increase  in  minimal  AP  observed  in  the 
preflight  tests  changed  in  flight  to  decline.  In  FLE-1,  it  dropped  more 
than  on  earth,  whereas  in  the  other  5  cosmonauts  the  inflight  elevation  was 
less  marked  than  preflight.  FLE-2  showed  more  marked  drop  of  end  systolic 
AP  and  the  FLE-1  for  pulsed  AP. 

The  distinctions  of  phasic  changes  during  inflight  LBNP  were  manifested  by  a  more 
marked  increase  in  relative  duration  of  phases  of  isometric  contraction, 
isometric  relaxation,  interphase  coefficient  and  index  of  myocardial  tension. 
However,  the  absolute  inflight  values  for  these  parameters  increased  with 
rarefaction  to  a  lesser  extent  than  with  the  same  test  on  earth. 

The  ejection  period  and  phases  of  rapid  filling  in  flight,  with  LBNP,  diminished 
in  comparison  to  the  mean  values  before  LBNP  in  most  cosmonauts  to  a  greater 
extent  than  on  earth.  With  LBNP,  the  absolute  values  for  these  parameters 
were  lower  than  preflight.  The  intrasystolic  index  was  higher  with  LBNP  in 
flight  in  4  cosmonauts  and  lower  in  2  than  it  was  the  preflight  period. 

A  relative  decline  in  stroke  volume  was  more  marked  than  on  earth  in  3  cosmo¬ 
nauts  (CDR-1,  FLE-1,  CDR-4) ,  constituting  a  mean  of  46-49%  for  the  mission  (27- 
40%  before  it).  Conversely,  this  parameter  decreased  less  than  before  the 
mission  in  4  cosmonauts  (FLE-2,  CDR-3,  FLE-3  and  FLE-4).  Cardiac  output  level 
diminished  more  drastically  under  the  effect  of  LBNP  than  on  earth  in  the 
crew  of  the  first  mission  and  CDR-4  (average  17-32%  on  the  ground  and  35-48% 
in  flight)  and  less  in  cosmonauts  of  the  second  and  third  crews  (31-46  and 
12-24% ,  respectively) . 

The  estimated  SPR  in  the  base  state  and  with  LBNP  were  higher  than  preflight; 
however,  with  rarefaction  these  values  were  below  nominal  levels  in  all  of 
the  cosmonauts  (except  CDR-2  and  FLE-2).  More  marked  relative  increase  of 
SPR  with  LBNP  was  observed  in  isolated  tests  on  CDR-1,  FLE-1,  CDR-2  and  CDR-4, 
and  in  a  number  of  instances  there  was  appreciable  decline  of  ratio  of  actual 
to  nominal  values. 

Absolute  RPPW  was  above  ground-based  level  by  an  average  of  16-34  and  19-59% 
in  all  cosmonauts,  in  flight,  before  and  during  LBNP,  respectively,  while  its 
relative  increment  with  rarefaction  increased  (from  2-16  to  19-34%)  in  most 
cosmonauts.  In  2  cosmonauts  (FLE-2  and  CDR-5) ,  on  the  contrary,  it  diminished. 

According  to  rheoencephalographic  data,  inflight  LBNP  was  characterized  by 
undulating  decrease  in  pulsed  filling  of  vessels  of  the  brain,  generally  within 
the  range  of  preflight  fluctuations,  with  the  most  marked  changes  in  parameters 
with  rarefaction  of  -35  mm  Hg  without  any  definite  relationship  to  duration  of 
exposure  to  it.  At  the  same  time,  virtually  all  cosmonauts  presented  individual 
differences  in  dynamics  of  circulatory  parameters  at  different  stages  of 
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flight.  Thus,  blood  filling  for  vessels  of  both  hemispheres  on  the  14th  flight 
day  and  of  one  hemisphere  on  the  49th  and  77th  days  decreased  more  appreciably 
in  FLE-1  than  on  earth;  in  the  crews  of  the  second  and  third  missions,  the 
reaction  of  pulsed  filling  to  inflight  LBNP  was  usually  close  to  the  minimal 
preflight  level,  and  sometimes  less  marked.  As  a  rule,  there  was  increase  in 
tonus  of  precapillary  and  postcapillary  vessels  of  the  brain,  the  extent  of 
which  depended  on  their  initial  state  (before  flight,  the  dicrotic  and  dia¬ 
stolic  Indexes  rose,  dropped  or  showed  virtually  no  difference  from  pretest 
values,  depending  on  the  base  state  of  arterioles  and  veins).  With  decrease 
in  tonus  of  cerebral  vessels  at  relative  rest  in  flight,  as  well  as  in  some^ 
cases  with  marked  vasodilatation  (shift  of  incisura  below  the  isoelectric  line), 
rarefaction  elicited  a  normotonic  state  of  arterioles  that  was  similar  to  the 
preflight  one. 

In  some  of  the  studies,  distinct  vasoconstriction  was  observed  with  LBNP 
against  a  background  of  moderate  hypertonus  of  arterioles  and  veins  (increase 
of  dicrotic  index  to  100-112%) .  In  cases  where  inflight  tonus  was  close  to 
normotonic,  dynamics  of  dicrotic  and  diastolic  indexes  during  LBNP  showed  only 
a  tendency  toward  increase  or  decrease. 

Thus,  during  inflight  LBNP  tests  there  was  increase  in  absolute  HR  and  its 
relative  increment,  decline  of  absolute  level  of  minimal  and  mean  AP  and 
elevation  of  pulsed  AP,  more  marked  increase  in  isometric  phases  of  contraction 
and  relaxation,  more  marked  decrease  in  ejection  period  and  phase  of  rapid 
filling,  more  marked  increase  in  myocardial  tension  index  and  interphase  coef¬ 
ficient,  more  marked  decrease  of  cardiac  output  in  1st  and  4th  mission  cosmo¬ 
nauts  and  less  marked  in  crews  of  2d  and  3d  missions,  increase  in  absolute 
specific  peripheral  resistance  with  concurrent  decrease  in  ratio  of  actual 
to  nominal  values,  increase  in  absolute  level  of  RPPW,  as  well  as  Increase  of 
relative  increment  with  rarefaction,  reduction  in  flight  of  Interhemisphere 
asymmetry  and,  in  a  number  of  cases,  "normalization  of  vascular  tonus. 

The  findings  indicate  that  the  LBNP  test  causes  greater  displacement  of  blood 
from  the  chest  to  abdominal  organs  and  lower  extremities  situated  in  the 
zone  of  compression  in  weightlessness  than  on  the  ground.  As  shown  by  the 
studies  on  the  Skylab  station,  inflight  LBNP  elicits  more  marked  increase  in 
leg  volume  (R.  Johnson  et  al. ,  1974).  There  is  more  Increase  in  Inflight  leg 
volume  for  the  first  2  min  of  LBNP  of  -8  and  -16  mm  Hg,  which  is  indicative 
of  existence  of  a  zone  of  free  extensibility  of  veins.  In  the  base  state, 
the  veins  are  apparently  flattened  or  ellipsoid  instead  of  round,  due  to  low 
transmural  pressure  (S.  Mellander,  B.  Johannson,  1968).  Consequently,  in  weight¬ 
lessness,  venous  return  with  LBNP  may  diminish  even  more  than  on  earth,  which 
leads  to  even  greater  decrease  in  stroke  volume.  The  drastic  decline  of  blood 
volume  in  the  cardiopulmonary  region  apparently  has  a  reflex  effect  and 
increases  activity  of  the  vasomotor  center,  as  well  as  enhances  adrenergic 
influences  (J.  Shepherd,  1974).  This  could  explain  the  greater  changes  in 
cardiac  function  during  the  Inflight  LBNP  test,  including  more  significant 
increase  of  HR,  peripheral  resistance  and  decline  of  stroke  volume  and  cardiac 
output  (V.  A.  Degtyarev  et  al.,  1974,  1977,  1980;  R.  Johnson  et  al.,  1979).  At 
different  stages  of  flight,  virtually  all  cosmonauts  presented  more  marked 
hemodynamic  reactions  to  LBNP  than  on  earth. 
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The  decline  of  minimal  and  mean  AP,  as  distinctly  demonstrable  in  FLE-1,  could 
serve  as  a  sign  of  diminished  reactivity  of  peripheral  vessels.  The  distinctive 
inflight  changes  in  intracardiac  hemodynamics  caused  alteration  of  the  phase 
structure  of  the  cardiac  cycle.  The  less  marked  increase  in  absolute  duration 
of  phase  of  isometric  contraction  and  related  derivative  parameters  indicate 
that  the  actual  duration  of  the  presphygmic  interval  during  inflight  LBNP 
diminishes,  as  compared  to  ground-based  conditions.  This  is  probably  related 
to  the  increase  in  adrenergic  influences,  with  greater  increase  in  HR,  in 
weightlessness  with  LBNP.  Probably,  the  more  marked  Inflight  increase  in  peri¬ 
pheral  resistance  during  LBNP,  which  prevents  considerable  Increase  in  duration 
of  the  phase  of  Isometric  contraction  also  plays  some  buffer  role. 

One  of  the  possible  explanations  for  the  increased  RPPW  in  the  aorta  is  refer¬ 
able  to  compensatory  changes  in  the  arterial  vascular  bed  in  response  to 
decline  of  total  circulating  blood  volume,  when  there  is  disruption  of  con¬ 
formity  of  bed  volume  to  volume  of  blood  it  contains. 

On  the  whole,  tolerance  of  inflight  LBNP  tests  remained  at  a  rather  high  level. 
The  more  marked  changes  in  parameters  with  LBNP  did  not  present  a  clearcut 
relationship  to  flight  duration.  It  can  be  assumed  that  these  changes  were 
due,  to  some  extent,  to  dehydration  of  the  body  and  decline  in  circulating  blood 
volume. 

Results  of  Ergometry  Tests 

The  magnitude  of  the  load  did  not  deviate  on  the  average  by  more  than  ±6%, 
although  in  some  tests  it  occasionally  exceeded  the  proper  level  by  100  kg-m/ 
min  or  more.  The  averages  for  the  entire  flight  period  for  HR  during  5-mln 
exercise  as  a  whole  were  at  about  the  same  level  in  4  cosmonauts  (121— 123/min) , 
whereas  lower  values  (90— 112/mln)  were  observed  for  FLE— 1,  FLE— 2,  FLE— 3  and 
FLE-4.  As  compared  to  ground-based  data,  mean  HR  level  for  the  entire  load 
period  rose  somewhat  (by  7  and  5%,  respectively)  in  FLE-1  and  CDR-2, 
whereas  in  FLE-3  and  FLE-4,  on  the  contrary,  it  dropped  (by  10-14%).  The 
changes  in  relative  HR  increment  were  in  different  directions i  maximum  relative 
ixicrement  increased  to  87,  105  and  114%  in  3  cosmonauts  (CDR— 1,  B— 1  and  CDR— 1 
[sic],  versus  77,  99  and  110%  preflight),  and  decreased  in  6  others  and  to 
the  greatest  extent  for  FLE-2  and  FLE-4  (from  90  to  68-69%).  Estimation  of 
ratio  of  mean  HR  to  load  (in  5  min  of  exercise)  revealed  that  this  parameter 
increased  in  the  flight  tests  in  2  cosmonauts  (FLE— 1  and  FLE— 2) ,  l.e.,  chrono¬ 
tropic  function  of  the  heart  increased,  whereas  it  either  remained  unchanged 
or  diminished  in  the  other  cosmonauts. 

In  the  vast  majority  of  inflight  tests,  time  for  reaching  a  steady  state 
and  recovery,  according  to  HR  data,  did  not  differ  substantially  from  pre¬ 
flight  data  or  was  even  shorter.  The  only  exceptions  were  2  tests  on  FLE-1 
and  1  on  CDR-2,  when  we  observed  extension  of  these  periods. 

During  the  period  of  early  restitution  in  most  inflight  tests,  absolute  AP  was 
lower  than  on  the  ground.  Thus,  minimal  AP  was  an  average  of  4-12%  lower, 
mean  7-18%  lower,  lateral  4-17%  lower  and  pulsed  AP  7-32%  lower  in  most  cosmo¬ 
nauts.  In  four  of  them,  absolute  end  systolic  pressure  after  inflight 
exercise  loads  was  somewhat  lower  than  in  the  ground-based  tests.  On  the 
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whole,  the  AP  increment  under  the  influence  of  the  load  was  smaller,  in  the 
flight  tests  than  on  earth. 

The  change  in  parameters  of  cardiac  function,  as  compared  to  the  preflight 
period,  was  manifested  by  a  more  marked  decline  of  absolute  values  for 
duration  of  phases  of  isometric  contraction  and  relaxation,  as  well  as  inter- 
phase  coefficient,  less  significant  decline  in  most  cases  of  absolute  duration 
of  ejection  period,  more  significant  increase  in  absolute  intrasystolic _ index 
and  its  ratio  to  nominal  values,  more  marked  decline  of  absolute  mechanical 
systole,  diastole  and  filling  period.  In  4  out  of  6  cosmonauts,  absolute 
rapid  filling  phase  was  shorter  than  preflight.  And,  while  this  parameter 
usually  increased  or  did  not  change  under  the  influence  of  the  load,  as  a  rule 
it  decreased  during  flight. 

The  inherent  distinction  of  hemodynamic  changes  during  the  ergometry  test  in 
flight  was  change  in  mechanism  of  formation  of  cardiac  output.^  Thus,  pre¬ 
flight  increase  in  cardiac  output  in  the  period  of  early  restitution  was 
determined  by  two  factors  to  approximately  equal  extents:  Increase  in  stroke 
volume  and  HR  Increment;  stroke  volume  changed  in  a  different  direction  (19/i 
in  the  direction  of  increase  and  12%  in  the  direction  of  decrease)  only  in  CDR-1 


Cardiac  output  increased  in  all  of  the  tests,  as  it  did  preflight,  more  so 
than  in  the  ground-based  tests  in  the  crew  of  the  1st  mission  and,  as  a  rule, 
less  so  in  FLE-2,  FLE-3  and  the  crew  of  the  4th  mission.  In  the  rest  of  the 
cosmonauts,  relative  increment  of  cardiac  output  did  not  differ  from  the  pre¬ 
flight  values.  Specific  peripheral  resistance  decreased  more  than  in  pre-^ 
flight  tests  in  FLE-1  and  CDR-3,  and  less  in  CDR-2  and  FLE-3.  Another  typical 
distinction  was  increase  in  both  absolute  and  relative  RPPW  Increment  in  the 
aorta  under  the  effect  of  ergometry.  While  preflight  RPPW  in  the  1st  min  after 
exercise  (according  to  mean  Inflight  values)  was  in  the  range  of  772-9  cm/ s 
in  7  cosmonauts,  it  rose  during  the  flight  to  890-1122  cm/s  (or  by  3-40%).  At 
the  same  time,  a  more  marked  RPPW  Increment,  in  relation  to  base  values,  was 
found  in  the  flight  tests  only  in  3  cosmonauts  (CDR-1,  FLE-1  and  CDR-3),  whereas 
in  the  others,  it  either  generally  failed  to  differ  much  from  ground-based 
values  or  was  lower. 


Thus,  there  was  a  tendency  toward  decline  of  relative  increment  of  HR  and 
absence  in  most  cases  of  increase  in  HR/exercise  ratio  in  the  flight  tests, 
as  compared  to  preflight  changes.  In  addition,  we  observed  less  marked  A  ^ 
increment,  greater  reduction  of  isometric  phases  of  contraction  and  relaxation, 
mechanical  systole,  filling  phases  and  less  marked  relative  reduction  of  ejec¬ 
tion  period,  formation  of  cardiac  output  chiefly  at  the  expense  of  cardiac 
contractions,  with  relatively  minimal  changes  in  stroke  volume,  increase  in 
RPPW  in  the  aorta. 

These  studies  revealed  that  the  work  performed  by  crew  members  of  Salyut-6 
during  flight  tests  was  associated  with  normotonic  reactions  of  chronocardio- 
gram  and  hemodynamic  parameters ,  in  which  there  was  coordination  and  a  paralle 
between  changes  in  heart  rate  and  blood  pressure:  faster  pulse  with  concurrent 
rather  marked  increase  in  pulse  amplitude  due  to  elevation  of  systolic  and 
moderate  drop  of  diastolic  AP  (G.  M.  Kukolevskiy,  1968).  One  of  the  causes 
of  minimal  AP  reaction,  which  was  observed  in  a  number  of  cases,  could  be  tha 
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the  changes  in  systolic  (lateral)  blood  pressure,  determined  by  tachooscillo- 
graphy  in  response  to  exercise  are  much  less  manifested  than  changes  in 
maximum  AP  obtained  by  auscultation  (Yu*  I.  Kuznetsov,  1968).  Another  explana¬ 
tion  could  be  the  diminished  venous  return  of  blood  to  the  heart  chambers 
and  decreased  stroke  volume  due  to  reduced  volume  of  actively  circulating 
blood  (V.  G.  Doroshev  et  al.,  1974). 

The  "working  in"  period,  when  the  heart  rate  reaches  a  steady  state  differed 
little  inflight  from  preflight  data  in  all  of  the  cosmonauts,  and  as  a  rule 
it  was  observed  in  the  2d-3d  min  of  pedaling.  However,  in  the  FLE-1,  whose 
circulatory  reaction  was  the  most  marked  during  the  flight,  no  distinct  moment 
of  HR  steady  state  was  established,  which  probably  reflected  some  degree  of 
deconditioning . 

Insufficient  increase  of  venous  influx,  due  both  to  decrease  in  total  circulating 
blood  volume  (R.  Johnson  et  al.,  1977)  and  its  deposition  in  arterioles  of  work¬ 
ing  muscles  of  the  lower  limbs  probably  play  the  leading  role  in  the  mechanism 
of  functional  cardiac  reactions  to  ergometry.  The  inadequate  venous  influx  to 
the  heart  causes  relatively  minor  increase  (or  none  at  all)  in  stroke  volume 
of  the  heart  and  formation  of  cardiac  output  primarily  due  to  tachycardia.  It 
can  also  be  assumed  that  the  assumed  excessive  volume  of  blood  in  the  cardio¬ 
pulmonary  region  and  experimentally  proven  redistribution  of  blood  in  the 
cardiopulmonary  region  during  exercise  in  the  direction  of  increased  pulmonary 
volume  (C.  Chapman  et  al.,  1959;  D.  Harrison  et  al.,  1963)  could  be  instrumental 
in  shifting  some  blood  from  the  pulmonary  region  to  vessels  of  working  muscles 
of  the  lower  extremities,  particularly  if  we  consider  the  possibility  of 
existence  of  a  zone  of  free  extensibility  of  veins  as  a  result  of  lowered 
transmural  pressure  (S.  Mellander  et  al.,  1968). 

The  physical  load  in  itself  activates  the  sympathetic  nervous  system  (R.  Marshall, 
J.  Shepherd,  1972).  The  assumed  partial  shift  of  blood  to  the  zone  of  vessels 
in  working  muscles  from  the  cardiopulmonary  region  leads  to  lower  pressure  in 
this  region  and,  apparently,  causes  activation  of  the  sympathetic  nervous 
system  (J.  Shepherd,  1974).  As  a  result  of  summation  of  these  two  factors  in 
weightlessness,  adrenergic  influences  may  be  more  marked  than  during  exercise  on 
earth.  For  this  reason,  in  weightlessness  there  can  be  enhancement  of  positive 
inotropic  influences,  which  is  probably  what  causes  greater  increase  in  force 
of  cardiac  contraction  during  ergometry  and  at  the  stage  of  early  restitution 
(V.  L.  Karpman,  1965).  It  can  be  assumed  that  the  more  marked  reduction  of 
intervals  of  isometric  contraction  during  the  inflight  tests  is  related  to 
increased  force  of  cardiac  contraction  under  these  conditions. 

The  less  appreciable  decrease  in  ejection  period  in  most  cases  is  probably  due 
to  the  fact  that  the  positive  chronotropic  influence,  which  is  instrumental  in 
lowering  the  mechanical  systole  and  period  of  ejection,  is  buffered  out  to 
some  extent  at  the  stage  of  early  restitution  in  weightlessness  by  venous  return 
to  the  heart,  due  to  elimination  of  tension  in  the  walls  of  venous  vessels  of 
working  and  nonworking  limbs  (R.  Bevegard,  J.  Shepherd,  1965)  which  is  present 
during  a  physical  load  (in  spite  of  dilatation  of  arterioles) ,  as  well  as  free 
efflux  of  blood,  which  accumulated  in  them  in  greater  quantities  than  on  earth. 
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Thus,  the  functional  tests  performed  during  long-term  spaceflights  enabled  us 
to  demonstrate  several  inherent  distinctions  of  hemodynamic  reactions  to 
loads.  It  was  shown  that,  in  long-term  weightlessness,  there  is  generally  no 
manifestation  of  deconditioning  of  the  cardiovascular  system.  At  the  same  time, 
reactions  to  inflight  functional  tests  with  LBNP  were  more  in  some 

cases  than  on  earth.  With  LBNP,  we  observed  an  increase  in  absolute  HR, 
decline  of  minimal  and  mean  dynamic  blood  pressure.  The  more 

of  blood  volume  in  the  cardiopulmonary  region,  as  compared  to  earth,  evidently 
IncreasL  as  a  reflex  activity  of  the  vasomotor  center,  »hlle  the  more  marked 
SductloJ  of  stroke  volume  Is  compensated  by  an  increase  in  HR  and  vascular 
tonus.  The  decline  in  volumetric  load  elicits  less  myocardial  tension  and 
reduces  the  force  of  cardiac  contraction. 

On  the  whole,  the  dynamics  of  parameters  of  the  circulatory  system  during  tests 
involving  a  physical  load  were  indicative  of  absence  during  the  flight  of  the 
typical  signs  of  physical  deconditioning  of  the  cosmonauts.  The  cardio  yn 
SangL  in  these  tests  were  apparently  due  to  insufficient  venous  return  of 
SoofM  ^hrhLrt.  This  was  indicated  by  alteration  of  formation  of  cardiac 
output  mainly  at  the  expense  of  tachycardia,  whereas  there  was  significant 
Sa;e“rincrement  of  stroke  volume  during  inflight  tests  under  the  influence 

of  exercise. 

Maintenance  of  physical  conditioning  at  a  proper  level  and  absence  of  infractions 
referable  to  inflight  work  and  rest  schedule  improve 

properties  of  the  human  body  in  relation  to  hydrostatic  and  physical  loads. 
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MATHEMATICAL  AHAIYSIS  OF  HEAET  EHYIHM  IH  ASSESSMENT  OF  DISIINCIIVE  FEATURES 
IN  ADAPTATION  TO  SPACEFLIGHT  CONDITIONS 

MOSCOW  VESTNIK  AKADEMII  MEDITSINSKIKH  NAUK  SSSR  in  Russian  No  4,  Apr  84 
(mansucript  received  29  Jul  83)  pp  62-69 

[Article  by  R.  M.  Bayevekiy.  G.  A.  Nikulina  and  I.  G.  Taaetdlnov  (Moscon)  1 

[Text]  The  First  All-Union  Symposium  on  Mathematical  Methods  of  Heart  Rhythm 
aSvsIs  convened  under  the  chairmanship  of  V.  V.  Farm  in  Moscow,  1966. 

V  Parln  actively  supported  anything  new  in  science  and  devoted  particular  y 

!;cI'atS«lo“to  iLroSctlon  to  medicine  of  advances  in  electronics,  mathe¬ 
matics  and  cybernetics.  Mathematical  analysis  of  cardiac  rhythm  as  a  method 

of  evaluating  regulatory  and  control  systems  in  the  V.  V. 

nartlcularly  broad  development  In  our  country  thanks  to  the  initiative  ot  V. 
Parin.  By^now,  hundreds  of  works  have  been  published  in  our  cardiac 

abroad  which  dLcrlbe  the  use  of  mathematical  (cybernetic)  analysis  of  cardiac 

«  ^d  -rr;.  ru-r  .Vich  f 

“-Sts^appI^Lrif InvSliraUol^" 

Introduction  of  the  new  method  to  physiolop  ^''o£''natholoa^’'^''Most  07"^^?^!- 
ralses  the  question  of  normal  range  ana  signs  of  pathology.  Mo  . 

meters  in  current  use  in  physiology  of  circulation  (pulse  rate,  ^rterial 
pressure,  stroke  volume  and  cardiac  output)  characterize  the  level 
function  formed  as  a  result  of  the  activity  of  control  ^cha^^er- 

not  much  variability  in  these  parameters.  of  para- 

-iai-irc,  of  heart  rhythm  are  referable  to  an  entirely  different  class  or  par 
meters  which  reflect  the  status  of  regulatory  systems.  In  order  to  achiev 
the  same  end  result,  each  organism  exerts  dissimilar  offo^^S’  Fo7thi7r eLon , 

as  season,  time  of  day,  etc. 
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The  system  for  controlling  heart  rhythm  can  be  arbitrarily  conceived  of  in 
the  form  of  two  circuits,  central  and  autonomic.  Such  a  model  is  a  substan¬ 
tial  simplification  of  the  real  control  system,  which  is  notable  for  complex 
and  diverse  neurohormonal  and  humoral  connections  and  has  a  multicircuit, 
hierarchic  structure.  Experimental  and  clinical  data  give  us  grounds  to 
believe  that  the  autonomic  circuit  is  related  to  alteration  of  the  functioning 
level  of  the  sinus  node  in  accordance  with  respiratory  changes  in  delivery  of 
blood  to  the  cardiac  chambers.  In  this  circuit,  changes  in  tonus  of  vagal 
nuclei  are  of  basic  significance.  The  circuit  of  autonomic  regulation  ulti¬ 
mately  causes  a  change  of  the  role  of  pacemaker  from  one  sinus  node  cell  to 
another.  The  central  circuit  of  control  is  the  source  of  corrective  influ¬ 
ences  on  the  sinus  node  through  the  system  of  the  autonomic  circuit,  and  it 
provides  for  alteration  of  the  body’s  functional  systems  in  accordance  with 
changes  in  environmental  conditions;  homeostatic  regulation  of  interaction 
between  different  physiological  systems  in  the  body  (intersystem  level  of 
regulation) ;  equilibration  of  different  elements  of  regulation  within  the 
different  systems  (intrasystem  level  of  regulation). 

Adaptive  alteration  of  functional  systems  of  the  body,  which  is  directed  to 
change  the  levels  of  function  of  its  elements,  takes  place  by  change  in  inter¬ 
action  of  central  and  autonomic  control  mechanisms.  In  the  presence  of  diverse 
extreme  and  subextreme  factors,  ah  increase  in  level  of  function  of  the  body 
and  its  elements  (systems)  requires  increasingly  active  intervention  of  central 
mechanisms  in  activity  of  autonomic  ones.  And,  in  spite  of  retention  of  homeo¬ 
stasis,  adaptive  equilibration  of  the  body  with  the  environment  occurs  as  a 
result  of  increased  tension  of  regulatory  processes.  An  increase  in  tension 
of  regulatory  mechanisms  is  obtained  both  by  intensification  of  activity  of 
specific  systems,  for  example,  tonus  of  sympathetic  nerves,  and  increased 
interaction  between  different  elements  of  the  functional  system,  involvement  of 
new  elements  in  the  adaptation  process,  which  is  manifested,  in  particular, 
by  activation  of  subcortical  nerve  centers. 

Mathematical  analysis  of  heart  rhythm  consists  of  measuring  the  duration  of 
the  dynamic  series  of  cardiac  intervals  and  processing  the  obtained  digital 
array  by  means  of  various  statistical  mathematical  methods  (R.  M.  Bayevskiy, 
1968,  1976,  1979;  D.  Zhemaytite,  1968;  A.  D.  Vdskresenskiy ,  M.  D.  Venttsel’, 
1964;  V.  I.  Vorob’yev,  1978;  G.  A.  Nikulina,  1974).  Histographic,  autocorrela¬ 
tion  and  spectral  analysis  of  cardiac  intervals  have  also  gained  the  widest 
use.  The  software  for  mathematical  analysis  of  heart  rhythm  has  been  developed 
for  high-power  and  average-power  computers;  hardware  has  been  developed  on 
the  basis  of  using  microcomputers  and  microprocessors.  Of  the  wide  diversity 
of  statistical  mathematical  parameters  described  in  the  literature,  we  shall 
call  attention  to  the  tension  index  (TI)  of  regulatory  systems  proposed  by 
G.  I.  Sidorenko  (1973)  arid  later  by  R.  M.  Bayevskiy  (1974),  as  well  as  para¬ 
meters  characterizing  the  power  of  respiratory  and  slow  waves  of  heart  rhythm 
(So  and  Sg).  These  parafiieters  have  found  application  in  space  medicine,  which 
we  shall  be  discussing  below. 

The  TI  is  calculated  from  the  parameters  of  the  curve  of  distribution  of  cardiac 
intervals  (TI-Amo/2  MoAX)  and  takes  into  consideration  the  mode  (Mo — most 
commonly  encountered  value  for  cardiac  interval) ,  mode  amplitude  (AMo — number  of 
values  corresponding  to  mode  as  percentage  of  total  analyzed  cardiac  intervals) 
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Tra-riai-lon  ranee  ( AX—dlf ference  between  maximum  and  minimum  values  for 
SrdlarSe^Ls).  Since  iX  reflects  primarily  the  amplitude  of  respiratory 
fluctuations  of  heart  rhythm  related  to  activity  of  vagus  nerve  centers,  whil 
AMO  characterizes  the  activity  of  the  sympathetic  nervous  system  aimed  at 
stabilizing  fluctuations  of  these  intervals,  TI  is  an  °  ^ 

central  (sympathotonic)  influences  over  autonomic  ones  (parasympathetic).  Th 
funcSonal^Lel  of  the  sinus  node  (value  of  1/2  Mo)  is  also  taken  into  consid¬ 
eration  The  correlation  between  central  and  autonomic  regulation  can  also  b 
studied'by  mLL  of  spectral  analysis  of  dynamic  series  of  cardiac  intervals.  _ 
Here  determination  is  made  of  centralization  index  (Sj/Sg).  However,  analysis 
S  Slramet"  So  also  has  independent  relevance,  since  it  characterizes  the  over¬ 
all  activity  of  subcortical  nerve  centers. 

Snace  medicine  is  one  of  the  areas,  in  which  mathematical  analysis  of  hearty 

Ls  already  been  In  uae  for  20  years.  As  far  bank  as  the  «-st  mrssrons 
abLrd  Vostok  and  Voskhod  spacecraft,  analysis  of  dynamic  series  „ 

intervals  made  it  possible  to  demonstrate  the 

within  the  first  hours  and  days  of  man's  ^ig6!/^-Sp;aking 

Bayevskiy,  0.  G.  Gazenko,  1964;  R.  M.  Bayevskiy;  K-  I-  ^kov,  1964  .  Speaki  g 
at  the  opening  of  the  First  All-Union  Symposium  on  Mathematical  Analysis  of  He 
Rhythm  V.  V.  Parin  stated:  "Why  is  it  that  expressly  heart  rhythm  was  the 
object  of  powerful  impact  by  mathematical  disciplines?  A  significant  share  of 
thi  'blame'  is  put  upon  space  medicine  and  space  ^  ^ 

developing  area  of  knowledge."  Heart  rhythm  is  one  of  the  physiological 

parameters  that  is  the  most  accessible  to  recording,  ^^on^^^J^f^^g^^^ting 

portant  to  cosmonautics,  where  the  tasks  of  ongoing  evaluation  ® 

rhP  functional  state  of  cosmonauts  is  a  mandatory  prerequisite  for  manned 
SLSugS  eKpreShly  In  upace  .ediclne  that 

ducted  in  recent  years  in  order  to  determine  the  value  and  limits  g 

mathematical  analysis  of  heart  rhythm.  Considerable  advances  have  been  ma  e 
in  the  area  of  automation  of  heart  rhythm  processing. 

Spaceflight  conditions  constitute  a  set  of  stress  factors  to  which  man  is  ^x- 
pLed  continuously  and  for  long  periods  of  time.  Adaptation  ’ 

particularly  in  weightlessness,  is  a  complicated  and  .  reaLions 

vestigated  process  that  occurs  in  stages.  In  the  course 

there  is  formation  of  a  new  functional  system,  appearance  of  new  connections 
bftwL^controned  and  controlling  elements  of  the  body.  Such  alteration  re- 
additional  anpendlture  of  anergy  and  creataa  some  tension  in  regulatory 
svstems  The  new  level  of  functioning  of  the  body,  in  particular  its  circul 
tLy  system,  is  determined  by  the  functional  reserve  and  degree  of 
^egulaLry  Systems  (R.  M.  Bayevskiy,  1979).  The  higher^the  tension  in  regula¬ 
tory  systLs  and  the  lower  the  functional  reserve,  the  Uglier  the  cost  of 
iLptation."  Mathematical  analysis  is  an  effective  method  “-^"^^tion 
tendon  in  regulatory  systems.  Under  spaceflight  betwLn 

of  functional  reserve  from  the  classical  standpoint,  as  the  f 
maximum  achievable  level  of  a  specific  function  and  the  level 
at  physiological  rest,  is  virtually  unrealistic.  Here,  it  is  p  i-r. 

define  functional  reserve  as  the  body's  (system’s)  readiness  or  capacity  ^ 
perform  a  given  activity  within  a  given  time  with  minimal  tension  of  regu  y 
mechanisms  (R.  M.  Bayevskiy,  1979). 
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Let  us  examine  the  distinctions  of  the  body’s  adaptive  reactions  during  a  long¬ 
term  spaceflight.  The  main  effects  related  to  weightlessness  are  displacement 
of  body  fluids  to  the  upper  part  of  the  body,  which  leads  to  changes  in  cardio¬ 
vascular  system  function  and  fluid-electrolyte  metabolism,  as  well  as  decline 
in  energy  expenditure,  muscle  tone  and  afferent  impulsation  (0.  G.  Gazenko,  1962; 
Ye.  A.  Kovalenko,  I.  I.  Kas’yan,  1982).  However,  a  change  in  functional  level 
of  the  main  body  systems  is  inhibited  thanks  to  regular  physical  conditioning. 
There  is,  so  to  speak,  a  "fight”  between  two  functional  systems  in  the  body: 
one  that  adjusts  to  the  unique  conditions  of  weightlessness  and  another,  which 
preserves  the  functional  structure  inherent  in  an  organism  that  has  been  well- 
conditioned  on  earth.  In  the  opinion  of  N.  P.  Gurovskiy  and  A.  D.  Yegorov 
(1983) ,  there  is  relative  stabilization  of  adaptive  reactions  after  4-6  weeks  in 
weightlessness.  Such  parameters  as  pulse  rate,  blood  pressure,  stroke  volume 
and  cardiac  output  change  insignificantly  (A.  D.  Yegorov  et  al.,  1983;  I.  I. 
Kas’yan,  1983).  However,  in  order  to  retain  homeostasis  of  the  main  physiologi¬ 
cal  systems,  the  body  "pays"  a  certain  "price,"  spends  its  functional  reserves 
and  tension  arises  in  regulatory  systems. 

One  of  the  approaches  to  evaluation  of  functional  reserve  and  tension  of 
regulatory  systems  is  to  study  the  circadian  rhythm  of  physiological  processes, 
in  particular  the  statistical-mathematical  parameters  of  heart  rhythm.  In 
essence,  this  means  that  cyclic  processes  in  living  systems  can  be  defined 
as  adaptation  processes  aimed  at  maintaining  equilibrium  both  within  the  body 
and  between  the  body  and  environment.  For  this  reason,  the  amplitude  of  fluctu¬ 
ations  can  be  viewed  as  an  indicator  of  optimality  of  alteration  of  the  biolo¬ 
gical  system,  reflecting  its  functional  reserve.  The  degree  of  tension  in 
regulatory  systems  (adaptation  mechanisms)  can  be  characterized  by  current  and 
average  levels  of  activity  of  the  corresponding  parts  of  the  autonomic  nervous 
system.  In  order  to  obtain  the  needed  information,  we  used  dynamic  electro¬ 
cardiography — continuous  24-h  recording  of  EGG  using  a  portable  magnetic 
recorder  (N.  Holter,  1962).  As  we  know,  dynamic  electrocardiography  gained  the 
widest  use  for  examination  of  patients  with  ischemic  heart  disease  and  diverse 
rhythm  disturbances.  In  space  medicine,  this  method  is  more  important  for 
evaluation  of  adaptation  capacities  of  the  organism  than  for  the  study  of 
traditional  electrocardiographic  features.  Dynamic  electrocardiography  is 
used  regularly  during  long-term  missions,  as  v/ell  as  before  and  after  short- 
and  long-term  flights. 

The  methodological  approach  to  analysis  of  a  continuous  24-h  digital  array 
of  values  for  duration  of  cardiac  intervals  (about  100,000)  consists  of  calculat¬ 
ing  the  basic  statistic  parameters  for  each  100  intervals,  then  these  parameters 
are  added  for  each  hour,  6-  or  8-h  period  and  a  full  24  h.  Table  1  lists  the 
24-h  dynamics  of  statistical  characteristics  of  heart  rhythm  for  a  group  of 
cosmonauts  in  the  preflight  period.  A  comparison  of  these  data  to  the  results 
of  inflight  studies  (see  Tables  2-4)  shows  that  there  are  some  changes,  which 
reflect  corresponding  changes  in  autonomic  homeostasis  caused  by  the  spaceflight 
factors. 

The  mean  24-h  values  for  statistical  characteristics  of  heart  rhythm  during 
four  long-term  missions  aboard  the  Salyut-6  orbital  station  indicate  that, 
in  some  cosmonauts — CDR-2,  FLE-2,  CDR-4  (CDR — commander,  FLE — flight  engineer) — 
after  4-5  months  in  spaceflight,  there  was  intensification  of  activity  of  the 
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sympathetic  part  of  the  autonomic  nervous  system  (increase  xn  AMo,  TI,  decrease 
which  could  be  evaluated  as  a  state  of  functional  stress.  A  more 
cLSuI  InaiysJs  of  the  results  of  tests  on  CDR-2  and  FLE-2  in  different  perxods 
of  tL  day  rLealed  that  there  was  inflight  alteration  of  autonomic  homeostasis 
related  SthI  structure  of  the  circadian  cycle.  Thus,  in  the  CDR  maximum  acti¬ 
vity  of  adrenergic  mechanisms  of  regulation  shifted  to 

rhP  FTE  their  significant  activation  was  observed  in  the  evening.  There 
Ss  slsSfiSS  cSSe  in  current  and  24-h  .ean  values  of  statlstleal-mathe^tt- 
cal  paSmeters  of  heart  rhythm,  indicating  a  shift  of  autonomic  balance  in 
direcSorof  significant  iLensification  of  activity  of  the  sympartetic  branch 
of  the  autonomic  system.  However,  the  amplitude  of  24-h  fluctuations  o 
parameters  showed  virtually  no  change,  which  is  indicative  of  retentio 
adequate  adaptation  capacities. 


Table  1.  24-Hour  dynamics  of  statistical  characteristics  of  heart  rhythm  in 
group  of  cosmonauts  in  preflight  period  (M±m) 


Time  of  day, 
hours 

Mo,  s 

AMo,  % 

AX,  s 

TI 

8 

9 

10 

U 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24. 

1 

2 

3 

4 

5 

6 

7 

8—15 

1&-23 

24—7 

0,80±0,04 

0,80+0,04 

0,89±0,07 

0,90+0,04 

0,95±0,07 

0,83+0,06 

0,85+0,03 

0,71+0,03 

0,75+0,03 

0,74±0,04 

0,80+0,03 

0,80+0,03 

0,82±0,04 

0,78+0,04 

0,82±0,04 

0,88+0,04 

0,93+0,06 

0,99±0,06 

0,99±0,06 

1,06±0,04 

1 ,02+0,05 
1,03+0,04 
1,02+0,05 
0,96±0,04 
0,84±0,02 
0,79±0,01 
0,99±0,0l 

41,2±4,6 

44 ,0+3,2 

47,3+4,2 

36,0+4,2 

37,4+5,03 

38,0±4,4 

40,2±3,8 

46,5+13,9 

40,0+3,6 

39,8±3,6 

41 ,8+4,6 
41,0+3,1 
40,2+4,0 
44,7±4,4 
36,5±3,8 
44,6+4 ,5 
43,8+5,0 
44,5±3,2 
42,4±4,2 
41,8±4,2 
36,0+3,3 
38,8+3,6 
42,3±4,1 
39,6±2,3 

41 ,3+1 ,4 
40,5±1.5 
4I,1±0,9 

0,29+0,04 
0,23+0,02 
0,29+0,03 
0,32+0,03 
0,33±0.03 
0,27+0,03 
0,26+0,05 
0,25+0,04 
0,26+0,03 
0,23+0,02 
C,23±0,03  ! 

0,23+0,02 
0,27±0,02 
0,24+0,03 
0,29±0,04 
0,24+0,04 
0,30+0,05 
0,29±0,04 
0,30+0,05 
0,27+0,03 
0,44±0,06 
0,33+0,05 
0,34+0,05 
0,32+0,02 
0,28+0,01 
0,25+0,01 
0,32±0,02 

129-1-30 

140-1-31 

132 -+-38 
108-H52 

88±31 

124±34 

163±53 

168±4l 

128±51 

I51±4l 

177±53 

131±17 

151±41 

182±53- 

109±41 

154±44 

213±115 

87±17 

85-4-24 

81±15 

46-+-9 

78zb22 

97-1-3 

68±8 

132±15 

131±17 

96±18 

24-h  mean 

0,88±0,02 

39,4+1,6 

0,28±0,01 

120±7 

The  value  of  analysis  of  hourly  mathematical-statistical  characteristics  of 
SLI  rhytL  is  dLonstrated  in  Table  4.  which  lists  the  results  of  P^fl^^ht 
aS  LstfSht  tests  on  crew  members  of  Soyus  T-8  spacecraft,  which  included 
^  ^  Q  clavitskava  (KI) .  It  lists  changes  in  pulse  rate  and 

a  woman  cosmon  ,  1  nded  at  1830  hours).  These  data  indicate  that, 

depending  "type  ^f  autonomic  regulation,  some 

postflight  in  the  dynamic  series  of  parameters.  Thus,  in  the  CDR,  who  was 
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Table  2.  Statistical-mathematical  parameters  of  heart  rhythm  of  CDR-2  and  FLE-2  at  different 
times  of  day  according  to  dynamic  electrocardiography  data 


FLE-2 

121-122d  flight  day 

Ax 

0,18 

0,13 

0,15 

0,17 

AMo 

•r  CO  o  op 

CO  o  CO  i?5 

1  Mo 

00  O  lO 

O  00  — 

o  o  o  o 

TI 

263 

574 

335 

175 

PR 

86 

111 

65 

52 

preflight 

1  Ax 

1 

0,32 

0,25 

0,37 

0,49 

AMo 

52 

49 

37 

38 

Mo 

1.14 

0,9 

1,0 

0,3 

TI 

166 

126 

61 

49 

PR 

73 

70 

61 

46 

CDR-2 

i-121st  flight  day 

Ax 

0,24 

0,18 

'  0,18 

0,12 

AMo 

38 

57 

47 

66 

Mo 

0,74 

0,64 

0,68 

0,65 

H 

Eh 

148 

376 

230 

406 

12C 

PR 

82 

94 

88 

93 

-p 

tn 

•H 

rH 

44 

X 

<) 

0,28 

0,19 

0,22 

0,33 

0 

39 

49 

50 

37 

o 

0,85 

0,80 

0,86 

1.0 

CD 

U 

Pa 

TI 

98 

187 

192 

53 

Oa 

1 

71 

76 

72 

59 

Time 

of 

day, 

hours 

00  Tt- 

—  —  (MO 

111! 

CO  cr>  — 

t 

a 


u 

Q) 

Pa 

0) 

4-) 

U 

Q) 

W 

iH 

0 

Pa 

W 

•H 

CM 


0 

nJ 

ro 

w 

<U 

H 

I 

•H 


0) 

U 

0) 


<u 

0 

12; 


characterized  by  a  moderate  sympathotonic 
level  of  regulation  (mean  pulse  rate 
71.0±1.8/min,  TI  136±13) ,  there  was  a  dis¬ 
tinct  shift  in  the  direction  of  prevalence 
of  sympathetic  branch  of  the  autonomic  ner¬ 
vous  system  (pulse  rate  79.0±6.5/min,  TI 
210^47)  with  some  increase  in  amplitude  of 
fluctuations  of  both  parameters.  In  the 
FLE,  preflight  autonomic  homeostasis  was 
characterized  by  moderate  vagotonia  (pulse 
rate  56.8±1. 2/min,  TI  71±6) .  Postflight, 
we  observed  normotonic  regulation  with  in¬ 
significant  increase  in  amplitude  of  fluc¬ 
tuation  of  parameters  (pulse  rate  59.0±9/ 
min,  TI  94±9) .  Preflight,  there  was  the 
vagotonic  type  of  regulation  in  the  KI 
(pulse  rate  57.2±2.7/min,  TI  44±4) ,  whereas 
postflight  we  observed  a  marked  shift  of 
autonomic  balance  in  the  direction  of  pre¬ 
valence  of  the  sympathetic  branch  of  the 
autonomic  nervous  system  (pulse  rate 
96. 2±2. 7/min,  TI  369±31) .  There  was  no 
increase  in  amplitude  of  fluctuations  of 
TI,  whereas  for  pulse  rate  it  diminished 
somewhat.  Even  on  the  3d  postflight  day, 
the  KI  retained  a  distinct  sympathotonic 
type  of  heart  rhythm  regulation  (pulse  rate 
79. 4±4.1/min,  TI  177±38)  with  increased  am¬ 
plitude  of  fluctuations  of  parameter  values. 
According  to  the  submitted  data,  the  dis¬ 
tinction  of  the  female  reaction  to  factors 
involved  in  a  7-day  spaceflight  was 
heightened  reactivity,  as  manifested  by  sig¬ 
nificant  and  persistent  shift  of  autonomic 
homeostasis  in  the  direction  of  prevalence 
of  s5rmpatho tonic  regulation,  in  the  presence 
of  preflight  vagotonia.  However,  there  was 
no  decline  of  the  body*s  adaptive  capacities. 

The  most  important  element  of  the  system  of 
preventing  the  adverse  effects  of  weight¬ 
lessness  is,  as  we  know,  physical  exercise 
to  maintain  conditioning  of  the  most  import¬ 
ant  systems  of  the  body  and  stimulate  cer¬ 
tain  groups  of  receptors  (0.  G.  Gazenko, 

A.  A.  Gyurdzhian,  1967;  P.  V.  Vasil ’y^v, 

1974;  I.  D.  Pestov,  Z.  D.  Geratevol’,  1975; 

N.  N.  Gurovskiy,  A.  D.  Yegorov,  1983).  The 
methods  for  physical  exercise  aboard  the 
orbital  station  include  gradual  and  con¬ 
stant  increase  in  volume  and  intensity  of 
loads  in  order  to  gain  the  capacity  for 
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Derforming  high-power  physical  work  (V.  A.  Tishler,  V.  I.  Stepantsov.  1983). 
Howev™,  ?elifble  monitoring  of  state  of  physical  conditxonrng  xs  required 
when  building  up  energy  expenditures  during  physical  exercise,  so  as 
overdo  and,  at  the  same  time,  assure  adequate  physical  work  capaci  y  in 
cosmonauts  by  the  time  the  flight  is  terminated. 

Tahle  3  Mean  24-h  values  for  parameters  of  mathematical  analysis  if  heart 
rhythm  according  to  results  of  dynamic  electrocardxograp  y  (  -m) 


Crew  member 


CDR-2 


FLE-2 

CDR-3 

FLE-3 

CDR-4 


FLE-4 


Time  of 
study 

Preflight 

120th  flight  day 

Preflight 

121st  flight  day 

Preflight 

155th  flight  day 

Preflight 

156th  flight  day 

Preflight 

103d  flight  day 

155th  flight  day 

Preflight 

104th  flight  day 


69,0±2,5 

89,0±2.0 

62,3±3,1 

71,3±4.5 

67,0±7,8 

64,0±4.9 

60,5+2,3 

67,0±2,7 

68,l±2,8 

78,3±2.9 

71,4±2,7 

60,5+2,3 

64,9±2.4 


AMo,  % 


43,3±2,7 
50 , 1  +4 , 1 
36,7±2,8 
60,4±4,1 
37,0±7,8 
43 ,0+ 1 ,9 
39,0±2.4 
40,0±2,7 
45,5+6,4 
36,3±2,3 
46,2±3,3 
39,0±2,3 
39,2±2,3 


AX,  s 


0,25±0,02 
0,18±0,01 
0,33±0,03 
0,1 5+0 , 0 1 
0,34+0,02 
0,35+0,02 
0,29±0,03 
0,29±0,01 
0,29±0,02 
0,24±0,01 
0,20±0,03 
0.29±0,03 
0,27±0,02 


131±23 

230±36 

92±22 

339±80 

90+13 

69±8 

91±14 

104±17 

94±17 

117±21 

175±33 

91±14 

90±12 


Table 


4  Dvnamics  of  pulse  rate  and  TI  of  regulatory  systems  in  crew  of 

Soyuz  T-8  from  1900  to  2400  hours  during  preflight  examination  and 

first  hours  of  recovery  period  _ 


member 


Time  of  day^  hours 


Parameter 


Mean 

for 

period 


_  62.5±1,67 

_  104,0±16,3 

57,3±0,47  56,5^:0,53 

53,0±4,63  56,0±4.16 

61.0±6.1  62.0±4,2 

45,92±3. 12  40,33±2,24 


Preflight 

73,5±3.38  77.1  ±0,78  72,0±0.85  68. 

107,0±24,45  183,0±  17,87  159,0±10,7  129. 

57,1±  1.18  52.4dfc0,8  62,4±0.86  55, 

50,0±3.83  83,0±7,04 

61,0±7.0  46,0±5,0  22’ 


l50,61±6’.89  1  62,0±5.94  |42,22±4,28 
Postflight 


6±0,80 
0±  9,32 
0±0,12 
0±  10,44 
0±5,8 
0  ±  3 , 5 


^  98.9±2.8  I 

—  273.0±56,19| 

66,0±1,42  69,7  1 .64  | 

67,0±6,28  122, 0±  18,22 
97,1±3,2  105.8±2,52 

336,0±87. 1  470, 0±  58.4 


86,2±12,3  65,2±2,7 
263,0±31,2  85,0±62.3 


56,2  ±0,81 
115.0±21 ,55 
61  .7±  1 ,53 
66 , 0  ±  6 , 60 
88.0±0,47 
253.0±23.2 

3d  day 

I  6B,2±2.6  I 
78,0  ±32.9 


83.6±  1.2  85.9±0,84  70. 

171.0±65,7  387.0±  54,57  108. 
72,0±  1,02  73,7±  1.82  70, 

94.0±6,40  96,0±8.43  120. 

98.7±  1,77  95.2±0.9  86. 

424±60,8  1432,0±54.9  304. 

of  recovery  period 

1  86.2±2,85  1  93,2±12,0  1  79, 
225,0±22,3  306.0±39.2  107, 


5±2.49 
0±  18.7 
5±  1  .97 
0±7.99 
5±5.3 
0  ±  84 , 8 


2  ±  12 ,2 
0±62,2 


70,95±l,8  5 
146,4  ± 13.63 
56.78±  1 .22 
71  .42±6.45 
57, 16±2.69 
44  .84  ±4 .21 


79.02±6,5 
210  ±  47,4 
59.08±  9.22 
94,16±9.09 
95,21  ±2,66 
369.8  ±31.6 


79,4  ±4,1 1 
177,3±38.08 


Physical  conditioning  as  the  potent^ 
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adaptation'  is  an  important  indicator  of  physical  conditioning.  In  order  to 
determine  the  "price  of  adpatation,"  we  need  to  know  the  correlation  between 
functional  reserve  and  extent  of  regulatory  system  tension.  As  applied  to 
the  study  of  physical  conditioning,  functional  reserve  can  be  characterized  as 
the  capacity  to  perform  specific  work  at  a  given  level  of  functioning  of  the 


Table  5. 

Mean  flight  values  of  PWC170,  TI  and 
So  during  graded  exercise  test  for 
crew  members  who  participated  in  long¬ 
term  missions  aboard  Salyut  orbital 
stations  (M±m) 


No 

PWC170, 

kg-m/mm 

TI 

So 

1 

1445-4-27 

540-4-73 

0,16-1-0,02 

2 

1428-h42 

569-4-93 

0,13-1-0,02 

3 

1225+14 

1505+354 

0,20-4-0,03 

4 

1129+46 

1558-1-250 

0,21-1-0,04 

5 

1090+24 

1659-1-219 

0,42-4-0,03 

6 

1069+19 

1341-4-210 

0,23±0,04 

7 

’  1064+32 

2690-4-317 

0,24±0,02 

8 

1041+21 

2316±205 

0,30-1-0,01 

9 

953+8 

2425-1-185 

0,08-1-0,02 

10 

902+15 

3150-1-305 

0,05-4-0,02 

principal  body  systems,  in  particular 
the  circulatory  system.  The  PWC170 
(power  of  work  on  cycle  ergometer  with 
pulse  rate  of  170/min)  is  a  very  ade¬ 
quate  indicator  of  functional  reserve 
during  physical  exercise  loads.  At 
the  present  time,  this  is  a  commonly 
used  parameter  (K.  M.  Smirnov,  1970; 

Y*  L,  Karpman  al.,  1974).  Tension 
in  regulatory  systems  can  be  charac¬ 
terized  by  parameters,  of  mathematical 
analysis  of  heart  rhythm  during  exer¬ 
cise  loads.  The  lower  the  tension  of 
regulatory  systems  and  the  greater 
the  functional  reserve,  the  higher  the 
physical  conditioning. 

Table  5  lists  data  on  mean-inflight 
values  for  PWC270  and  parameters  TI  and 


So  in  10  cosmonauts  during  physical 
load  test,  who  had  participated  in  missions  lasting  at  least  3  months.  The 
results  are  arranged  in  order  of  diminishing  values  of  PWC170.  The  correspond¬ 
ing  values  for  TI  indicate  that  there  is  a  high  negative  correlation  (r  =  -^0.90) 
between  PWCi7o  and  TI.  The  existence  of  a  wide  range  of  changes  in  these  para¬ 
meters  raises  the  question  of  criteria  for  estimating  the  "price  of  adaptation" 
of  the  body  to  the  physical  load.  It  can  be  answered  on  the  basis  of  analysis 
of  parameter  Sq  (power  of  slow  waves  of  cardiac  rhythm).  According  to  preflight 
findings,  the  values  of  this  parameter  are  in  the  range  of  0.176±0.052  at  rest 
and  0.236+0.033  during  exercise.  Consequently,  when  there  is  a  high  level  of 
physical  work  capacity  (PWCi7o>1400  kg-m/min) ,  the  values  of  Sq  during  exercise 
are  in  the  range  of  preflight  levels  at  rest.  With  moderate  physical  work  capa¬ 
city  (PWG170  >1000  kg-m/min).  So  is  in  the  range  of  preflight  values  during 
exercise.  With  low  physical  capacity  (PWCi7o<1000  kg-m/min),  Sp  is  below  the 
preflight  value  at  rest.  Since  the  power  of  slow  waves  of  cardiac  rhythm 
reflects  the  activity  of  vasomotor  centers,  centers  of  heat  regulation  and  other 
subcortical  centers  (B.  Sajers,  1973;  A.  D.  Voskresenskiy;  M.  D.  Venttsel*, 
1964),  the  decline  in  values  of  Sq  during  exercise  can  be  interpreted  as  depres¬ 
sion  of  activity  of  the  corresponding  nerve  centers.  Hence,  the  regulatory 
mechanisms  called  upon  to  participate  in  energetic  and  metabolic  support  of 
tissues  and  organs  during  exercise  are  in  a  state  of  inhibition.  This  could  be 
due  to  their  depletion  (asthenization,  deconditioning)  or  depression  of  their 
activity  by  overlying  levels  of  the  control  system. 


Thus,  evaluation  and  prediction  of  physical  condition  of  crew  members  can  be 
done  on  the  basis  of  comparing  physical  work  capacity  to  parameters  of  mathemat- 
tical  analysis  of  cardiac  rhythm.  Rise  in  values  of  TI  during  exercise,  combined 
with  a  decline  of  So,  is  a  criterion  of  worsening  of  physical  conditioning.  This 
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.  i-hATP  iq  development  of  asthenization  of  regulatory  mechanisms, 

indicates  mechanisms  in  response  to  the  stress 

“HE?  SI  r —E  :  ::S"S- 

tive  effect  to  long-term  adaptation. 

.  1  e-inn  -it  can  be  noted  that  mathematical  analysis  of  heart  rhythm  is 

one^'orthe  important  and  promising  methods  in  space  medicine  for  evaluating 
and  fLecasting  the  functional  state  of  cosmonauts  and  their  capacity 
Sapt  to  complicated  and  unusual  spaceflight  conditions. 
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MECHANISMS  OF  OSTEODYSTROPHY  IN  WEIGHTLESSNESS 

Moscow  PATOLOGICHESKAYA  FIZIOLOGIYA  I  EKSPERIMENTAL'NAYA  TEEAPIYA  in  Russian 
No  1,  Jan-Feb  84  (manuscript  received  11  Jul  83)  pp  19-27 

[Article  by  A.  I.  Volozhin,  Moscow  Medical  Institute  of  Stomatology  imeni  N.A. 
Semashko] 

[Text]  Man's  successful  exploration  of  space  has  raised  for  physici^s  and 
biologists  an  extensive  range  of  problems,  the  most  important  o  w  ^ 
developing  measures  to  prevent  adverse  effects  resulting  from  pro  onge 
sojourns  under  weightless  conditions .  Among  the  various ^pathophysiological 
effects  of  weightlessness,  even  during  the  first  years  of  manned  spaceflight 
attention  was  drawn  to  the  increased  body  losses  of  calcitnn,  phosphorus  and 
other  elements,  and  also  to  the  lowered  content  of  minerals  in  the  bones, 
as  acessible  to  study  by  the  modern  methods  of  X-ray  photometry  and  direct 
photon  absorptiometry  [33.  34].  It  was  suggested  that^as  ^  . 

decrease  in  mechanical  loads  on  the  locomotor  systm  there  would  be  progressive 
loss  of  the  bony  substance  and  a  loss  of  strength  in  skeletal  bone  [  ,  J • 

It  has  been  shown  that  under  conditions  of  bed  rest  changes  take  place  in 
the  human  body  similar  to  those  observed  in  spaceflight.  In  parti cvdar, _there 
is  loss  of  minerals  leading  to  rarefaction  of  bone  mass,  which  is  classified 
as  osteoporosis  of  disuse  [31,  35].  Thus,  in  medicine  a  scientificuvenue 
has  gradually  taken  shape  for  investigating  the  pathogenic  effect  of  actu 
and  modeled  weightlessness  on  bone  mineralization.  Initially^ research  was 
of  a  descriptive  and  phenomenological  nature.  It  was  shown  that  calcium  ^d 
phosphorus  losses  vary  widely  on  an  individual  basis  and.  moreover,  depend 
on  the  duration  of  weightlessness.  Taking  into  consideration  the  urgency 
of  work  on  these  problems,  in  1967,  at  the  suggestion  of  academician  N.A. 
Fedorov  of  the  USSR  Academy  of  Medical  Sciences,  we  embarked  on  an  experimenta 
study  of  the  mechanisms  involved  in  the  development  of  osteodystrophy  occurring 
under  conditions  of  prolonged  hypokinesia  and  weightlessness.  At  that  time 
the  most  widely  used  method  for  modeling  some  of  the  effects  of  weightlessness 
was  to  create  prolonged  restriction  of  motor  activity  in  animals  with  the 
aid  of  restricted  cages  designed  so  that  the  animals  were  not  prevented  from 
taking  water  and  food,  and  in  such  a  way  that  their  hygiene  requirements  could 
be  attended  to  on  a  daily  basis . 
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Using  tWs  model  in  rats,  rabbits  and  dogs,  we  studied  the  nature  of  the 
shifts  in  mineral  and  protein  metabolism  and  the  bone  structure,  and  also 
the  pathogenetic  mechanisms  of  these  disorders  during  the  process  of  hypokinesia 
of  varying  duration.  In  addition,  a  study  was  made  of  the  odontomaxillary 
system,  which  in  prolonged  restriction  of  motor  activity  carries  out  its 
normal  function  and  reacts  to  the  general  dystrophic  shifts  in  the  skeleton 
with  which  it  is  linked  through  the  common  mechanisms  of  metabolic  regulation, 
ata  obtained  as  the  result  of  these  studies  served  as  the  basis  for  a  study 
t  e  easibility  of  reducing  the  degree  of  the  disorders  occurring  in  bone 
tissue  by  the  use  of  a  pharmacological  agent,  namely  calcitonin,  and  also 
by  a  physical  method,  namely  adaptation  to  an  artificial,  transient  gaseous 
atmosphere  deficient  in  oxygen  and  with  excess  carbon  dioxide.  Studies  on 
the  effect  of  hypokinesia  on  mineralized  tissue  constituted  stage  I  of  this 

TVyrtl-lr  111  ® 


However,  when  modeling  weightlessness  only  by  restricting  motor  activity  with 
the  ^d  of  restricted  cages,  the  support  function  of  the  extremities  is  still 
retained,^ that  is,  the  force  load  on  the  osteoarticular  apparatus.  Accordingly, 
in  stage  II  an  experimental  model  of  hypokinesia  and  hypodjmamia  achieved 
by  removing  the  support  function  by  amputation  of  the  extremities  below  the 
toee  was  used  to  reproduce  the  effects  of  weightlessness  as  applicable  to 
e  skeletal  system.  Lack  of  functional  load  on  the  skeleton  also  occurs 
in  man  under  conditions  of  prolonged  bed  rest.  Therefore,  in  stage  II  of 
the  work  a  study  was  made  of  bone  tissue  taken  from  individuals  undergoing 
strict  bed  rest  for  various  diseases  and  from  individuals  who  had  died  from 
complications.  Stage  III  of  the  research  consisted  of  an  analysis 
o  e  restructuring  of  bone  tissue  and  its  biophysical  characteristics  in 
EaJth^LtSLis'^  tortoises)  that  had  experienced  spaceflight  aboard  artificial 


1.  The  Effect  of  Hypokinesia  with  Retention  of 
Extremities  on  Bone  Tissue. 


the  Support  Function  of  the 


Under  conditions  of  hypokinesia  of  varying  duration  (up  to  140  days)  a  slowdown 
has  been  observed  in  body  weight  increases  in  rats  and  a  reduction  of  skeletal 
mass  compared  with  controls  [4,  10]  Restricted  movement  causes  a  reduced 
content  of  bony  substance  in  the  the  substantia  spongiosa  ossium,  which  is 
ej^lained  by  the  slowed  formation  of  bone  tissue,  allowing  for  the  minor 
chanps  in  the  amount  of  bone  fragments  studied.  Retention  of  the  structure 
°  epiphyseal  zone  of  growth  in  the  bone  in  young  animals 

m^es  these  changes  reversible.  In  rats  the  density  of  the  cortical  layer 
of  the  diaphysis  increases  in  hypokinesia,  and  this  is  accompanied  by  an 
increase  in  its  mineral  saturation  and  also  of  the  microstructures  in  the 
subperiostenal,  intermediary  amd  subendosteal  zones  [10].  This  is  explained 

formation  of  new,  poorly  mineralized  tissue  and^  relative 


Results 
in  rats 
growing 


rom  a  study  of  the  effect  of  prolonged  hypokinesia  on  bone  tissue 
and  rabbits  have  been  quite  complicated  to  interpret  since  they  were 
animals,  and  bone  changes  caused  by  the  hypokinesia  were  associated 
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both  with  a  slowdown  in  skeletal  growth,  probably  caused  by  stress,  and^by 

the  actual  restriction  of  motor  activity.  Accordingly,  studies _were  also_  _ 
conducted  in  adult  dogs.  It  was  established  that  restriction  of  motor  activity 
in  the  dogs  for  periods  of  30  to  180  days  did  not  lead  to  change  in  the  degree 
of  mineral  saturation  anywhere  in  the  thickness  of  the  cortica 
dianhvses  of  the  long  bones.  A  tendency  to  minor  increase  was  obse^ed  in 
the^indexes  for  mineral  saturation  in  the  bony  micro structures  in  the  zones 
of  the  cortical  layer  of  long  support  bones  as  the 

of  the  number  of  highly  mineralized  osteons  over  newly  formed  osteons  in  the 
eLly  stage  of  mineralization  [9].  Similar  changes  in  mineralization  ^he 
micrLtructures  in  bony  tissue  have  been  seen  in  puppies  after  a  60  day  p 
of  hypokinesia  [18].  By  comparing  the  findings  obtained  in  experiments  in 
rats  and  dogs  it  can  be  seen  that  increased  degree  of  mineral  saturation  in 
rh^mr^ostr™  as  the  result  of  restricted  motor  -tivity  with  retention 
of  the  support  function  of  the  extremities  is  more  marked 
baseline  level  for  this  index;  and  this,  in  turn,  depends  on  the  rate  of 
rrsSiSuring  in  bone  tissue.  The  more  rapidly  the  also 

restructured  the  lower  their  average  degree  of 
explains  the  more  significant  increase  in  the  indexes  for 

of  bone  tissue  in  rats  in  hypokinesia  than  in  puppies  and  dogs.  J^is  effect 
is  a  manifestation  of  suppression  of  the  rate  of  Tenewal  of  phosphorous  and 
calcium  salts  in  the  mineral  phase  of  bone,  which  we  established  by  a 
radioisotope  study  [1].  Changes  in  the  mineral  component 

associated  with  disorders  in  the  restructuring  of  bone  tissue.  Generalizing 
the  results  of  research  done  along  this  avenue  [1]  it  can  be  ^onc  u  ^ 
under  conditions  of  prolonged  hypokinesia  in  rats,  rabbits  and  dogs  increased 
resorption  of  bone  tissue  does  not  occur,  that  is,  osteoporosis  in  the 
conventional  sense  does  not  develop.  Only  in  experiments  with 
extensive  sites  of  resorption  appear  after  a  2-month  period  of  hypo^nesia, 
mainly  along  the  side  of  the  vascular  grooves  in  the  presence  of  a  large 
number  of  multinucleate  osteoclasts  [18].  Changes  in  the 

growing  animals  in  prolonged  restriction  of  movement  are  classified  as  tru 
lone  atrophy  characterized  by  hypostosis— a  decrease  in  the  external  ^^^®ter 
of  the  bone.  We  concluded  that  as  a  result  of  prolonged  hypo^nesia  with 
retention  of  the  support  function  of  the  extremities  in  animals  a  slowdo^ 
occurs  in  osteogenesis  and  that  this  mechanism  lies  at  the  basis  of  rarefaction 
of  the  spongy  tissue  and  zones  of  muscle  attachment  and  the  slowdown  in  the 
development  of  the  cortical  layer  of  the  diaphysis. 

Changes  in  the  bones  of  animals  in  hypokinesia  created  with  the  aid  of 
restricted  cages  are  not  accompanied  by  abnormalities  in  the  content  of 
calcium  and  phosphorus-the  main  elements  in  the  mineral  substance  of  bone 
tissue  [12,15].  The  absence  of  changes  in  the  bone  calcim  content,  Respite 
the  significant  increase  in  its  expression  in  animals  in  hypokinesia  129. 

30]  is  explained  by  the  fact  that  the  slowdown  in  bone  restructuring  entails 
a  decrease  in  the  total  mass  of  the  skeleton  without  disruption  of  the 
crystalline  structure  of  the  mineral  substance.  The  main  reason  for  the 
increased  calcium  expression  in  rabbits  is  suppression  of  the  process  of 
calcium  utilization  in  bone  tissue  [2,  7]  as  a  result  of  the  slowdown  in 
osteogenesis. 
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In  a  long-term  animal  experiment  (rats,  rabbits  and  canine  pups)  dystrophic 
changes  were  also  found  in  the  odontomaxillary  system,  particularly  in  the 
periodontal  tissues.,  and  also  a  slowdown  in  eruption  of  the  teeth;  which 
serves  as  a  manifestation  of  generalized  metabolic  disorders  in  immobilized 
anmals  [13,  16],  probably  resulting  from  the  impairment  of  afferent  signals 
and  energy  use  for  muscular  work  against  a  background  of  a  stress  reaction 
developing  in  response  to  the  change  in  ecological  conditions. 


The  general  patterns  established  in  impairment  of  the  osseous  system  in 
ypo^nesia  se^ed  as  a  basis  for  developing  prophylaxis  for  these  disorders. 
Calcitonin  used  for  this  purpose  exerts  a  positive  effect  on  the  main  parameters 
of  miner^  and  protein  metabolism  in  bone  tissues  in  immobilized  aniamls  [2, 

»  J.  The  decreased  calcium  loss  with  excretion  under  the  effect  of  calcitonin 
confirms  the  advisability  of  using  the  hormone  to  prevent  bone  changes  in 
prolonged  restriction  of  motor  activity  [29,  30].  For  this  purpose,  it  is 
better  to  combine  the  calcitonin  with  a  drug  possessing  an  anabolic  action, 
as  for^example,  retabolil  [proprietary  name  for  a  Hungarian-made  anabolic 
sterold~ed] [13] .  However,  in  hypokinesia  these  pharmacological  preparations 
do  not  exert  any  normalizing  effect  on  skeletal  growth. 

Comparative  data  are  available  on  the  effect  of  an  artificial,  transient 
gaseous  medium  on  mineralized  tissue  in  rats  under  conditions  of  normal  and 
activity  ]3,  5.  6].  Proceeding  from  these  data  it  can  be 
an  altiLde  S  ’  gradually  increasing  hypoxia  corresponding  to 

Doten^i«^f  meters,  and  also  hypercapnia  with  a  normal  oxygen  content, 

L  "alMtud  changes  in  hypokinesia.  Slow  adaptation  to 

an  ^  1  5,000  meters  with  the  addition  of  3-5%  carbon  dioxide  in 

an  artificial  gaseous  medium  results  in  a  decrease  in  the  degree  of  impairment 
n^m  T  metabolism  in  mineralized  tissue  under  conditioL  S 

prolonged  restriction  of  motor  activity.  It  is  probable  that  this  effect 

to  thf ox^”e^”SSiSScy?‘  under  the  effect  of  edeptetlon 

The  experiments  that  have  been  conducted  have  not  only  extended  our  ideas 
about  the  mechanism  of  bone  changes  in  prolonged  restriction  of  motor  activity 
but  have  also  indicated  the  feasibility  of  controlling  these  changes  with  ^ 
the  aid  of  pharmacological  and  physical  methods.  The  hypokinetic  effects 

^^®®"lted  from  the  effect  of  modeling  only  of  restricted  motor 
activity  with  retention  of  the  support  function  of  the  extremities.  In  actual 
0^^^°”^  in  weightlessness  the  main  factor  is  the  reduction  in  force  loads 
n  the  supportive  skeleton,  that  is,  hypodynamia.  With  regard  to  the  amount 
movement,  an  increase  in  the  size  of  space  vehicle  makes  it  possible  to 
carry  out  a  sufficiently  large  amount  of  movements. 

II.  The  Effect  of  H3T)odynamia  on  Bone  Tissue. 

Unilateral  exarticulation  at  the  knee  has  been  carried  in  experimental  studies 
"rL  ioS  [21]!  uuSe^t 
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It  has  been  established  that  the  absence  of  the  support  function  of  the 
extremity  causes  a  decrease  in  density,;  ash  content  and 

Hr,  honp  tissue  along  with  a  decrease  in  its  strength  properties.  HypOr.^=.-^ia 
with  retention’of  the  support  function  of  the  extremities,  in  contrast  to 

w  an  increase  in  the  Indexes  characteriting^mechanreal 

^  j-j  T^-rn'KaMv  the  result  of  the  balance  between  the  slowdown  in 

tLrj  "S;ri:in^“Se'h::::  fn^cSf  Jr  i-ltation 

Ws  to  SrdliSopment  of  osteoporosis.  The  main  factor  here  xs  hypodyna...ra 
and  Lrthe  surgical  intervention,  since  the  creation  of  a  static  load  on 
the  femurs  by  means  of  bilateral  exarticulation  at  J”  , 

significant  rarefaction  of  bone  tissue.  The  findings  rom  11®  Tf^aXaent 
that  in  order  to  prevent  osteoporosis  when  the  support  function  is  abse 
it  is  necS sLy  not  only  to  elLinate  the  hypokinesia  but  also  to  create 
conditions  of  static  load  on  the  extremities.  One  drawback  in  the  model  o 
femoral  hypodynamia  obtained  by  exarticulation  at  the  knee^is  the  development 
of  rinnammLory  process  in  the  field  of  the  distal  epiphysis;  and  because 
of  this,  significant  rarefaction  of  the  bone  tissue  occurred.  » 

in  later  studies  we  used  the  model  of  amputation  in  the  "PPf 
lower  leg,  which  made  it  possible  to  retain  the  integrity  of  knee  aoint 
and  hence  of  the  distal  epiphysis.  This  experiment  was  conducted  in  dogs 
in  experiments  lasting  90  days  and  345  days  [14,  27] . 

The  utilization  of  a  comprehensive  methodological  approach  in  this  experiment 
mflfldd  It  nossible  to  reveal  a  number  of  new  patterns  in  the  mechanism  of 
“stLdys'troSflh  prolonged  absence  of  the  support  function  of  the  extremities. 
aroS^oprrSirtLt  develops  Is  chatacterited  not  only  by  the 
changes  in  the  bone  tissue,  seen  in  the  rarefaction  of  its  mass,  but  ^Iso 
by  qLlitative  Shifts.  This  is  expressed  in  an  altered  r^ationship  betwe 

osteons  possessing  different  degrees  of  Set^^S^they  were 

mineralization  of  mature  osteons  can  be  explained  by  the  fact  that  they  were 

in  existence  before  the  creation  of  the  nonsupport  situation,  were  retaine 

through  the  and  of  the  experiment  and.  possibly, 

Another  feature  of  the  bone  tissue  in  the  nonsupported  extremity  is  the 
increase  in  the  number  of  poorly  mineralized  microstructures  and  a  decrease 
in  the  mean  value  for  their  density  at  isolated  parts  of  the  bone  in  a  345 
day  observation.  It  is  possible  that  these  microstructures, 
the  period  when  the  extremity  is  nonsupported,  possess  a  retarded^abi  y 
for  SlnerllSatlon.  Accordingly,  the  relationship  between  the  -s^eo^s  in 
the  bone  changes  in  favor  of  immature  microstructures,  and  this  is  ejP^essed 
in  reduced  mineralization  of  the  bone  tissue  and  a  lower  mean  value  for  the 
microhardness  indexes* 

The  findings  from  the  hypodynamia  experiments  make  it  possible  to  suggest 
that  in  the  mechanism  of  change  in  the  mineral  component  of  bone  tissue  an 
the  restructuring  of  the  bone  tissue  when  the  extremity  is  nonsupported,  a 
major  role  is  played  the  sharp  drop  in  the  afferent  signals  from  the  bone, 
by  which  there  is  no  trophic  reflex  nor  any  piezo  effect  created  by  deformation 

of  the  bone  during  periodic  load. 
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The  level  of  bone  mass  loss  in  the  substantia  spongiosaossium  in  the  femurs 
of  these  dogs  virtually  stabilizes  by  the  third  month  of  hypodynamia,  reaching 
an  average  of  33-38%  with  individual  variations  from  24%  to  46%,  varying  in 
inverse  proportion  to  the  initial  density  of  the  bone  structure  (28] .  In 
the  compact  substance  the  processes  of  atrophy  occur  significantly  later  than 
in  the  spongy  tissue:  after  3  months  only  the  Initial  signs  of  bone  tissue 
resorption  are  found  on  the  side  of  the  endosteum,  along  with  resorption 
cavities  within  the  cortical  layer.  Atrophy  of  the  compact  bone  reaches 
significant  proportions  only  by  the  end  of  the  345-day  period.  These  changes 
are  accompanied  by  reduced  calcium  concentration  in  the  mineral  substance, 
with  normal  phosphorus  content  and  increasing  potassium  content.  The  strength 
and  microhardness  of  the  spongy  and  compact  substance  decrease.  Here,  the 
strength  of  the  compact  substance  is  largely  determined  by  the  chemical 
composition  of  the  mineral  component,  while  that  of  the  spongy  tissue  is 
determined  mainly  by  the  degree  of  osteoporosis  [27]. 

hypokinesia  and  hypodynamia  in  animals  deprived  of  the  support 
slnrp^?"  of  the  extremities  simulates  only  to  a  degree  the  actual  conditions, 

of  modeling  there  is  no  restructuring  of  the  neurohumoral 
systems  that  occurs,  for  example,  in  man  during  prolonged  bed  rest  or  under 

still  not  been  possible  to  create  an  unsupported 
ImnL?  for  animals  under  laboratory  conditions.  Accordingly  it  is^^ 

mportant  to  obtain  comparative  data  from  experiments  involving  a  nonsupported 
position  for  the  extremities  in  animals  and  in  studies  Involving  proloJSed 

tht  bioohr-  connection  a  study  was  madl  of  soml  of 

the  biophysical  characteristics  of  vertebrae  and  the  calcaneus  in  human 
subjects  who  had  died  following  hypodynamia  from  sudden  complications  [11, 

25J.  As  the  result  of  hypodynamia  lasting  20-40  days,  the  calcium  content 
levels  average  5%  in  the  human  vertebrae  while  the  potassium  and  sodium 

coItentr"\2^absLL  of  of^retention  of  normal  phosphorus  and  magnesium 

no  1  absence  of  similar  changes  in  the  calcaneus  when  the  skeleton 

ISivlti  off  ^  f  explained  by  the  less  marked  nature  of  the  metabolic 

activity  of  its  micro structure  compared  with  the  vertebrae. 

Attention  is  drawn  to  data  indicating  that  the  magnitude  of  mineral  saturation 
in  human  vertebrae  following  prolonged  bed  rest  corresponded  to  the  normal 
f  f  h  strength  decreased  in  quite  short  periods  as  the  result  of  the  change 
in  the  chemical  composition  of  the  mineral  substance,  mainly  the  decreased 

Sile^iof^S'-f  that  when  no  load  is  placed  on  the  axial 

skeletion  there  is  partial  restructuring  of  the  spongy  structures  of  the 

ertebra  and  formation  of  bone  tissue  with  defective  hydroxyapatite  crystals 
n  whose  structure  the  calcium  atoms  are  partially  replaced  by  other  iLs 
namely  of  sodium  and  potassium.  The  reduced  strength  of  vertebrae  found  in 

h^odynamia  is  probably  explained  by  a  decrease  in 
the  rigidity  of  the  crystal  itself,  and  also  its  adhesion  with  the  organic 
component  Since  in  all  individuals  kept  in  a  bed-rest  regime  thirf^Se 
of  chanps  in  the  vertebrae,  they  were  regarded  not  as  a  sequela 

somatic  disease  but  mainly  the  result  of  absence  of  load  on  the  skeleton. 

Comparing  the  data  cited  here  with  results  from  studies  of  the  nonsupported 
extremity  in  dogs,  note  should  be  made  of  the  basic  similarity  of  the  changes 
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rarr  if 

^i  anLala  as  L  adequate  model  (or  studying  the  pathogenesis  of  bone  thanges 

in  hypod^^la  1™. t  M~.  h^od^»^ 

aH  Sifthat  simulates  some  of  the  effects  of  weightlessness.  In  particular 
the  absence  of  weight  load  on  the  locomotor  apparatus. 

III.  The  Effect  of  Weightlessness  on  the  Skeleton. 

In  this  section  we  generalize  findings  published  mostly  elsewhere  from 

experiments  in  rats  that  had  undergone  19-22-day  spaceflxghts  aboar  ^ 
flr-Mfi Mai  Earth  satellites  of  the  "Cosmos"  series »  and  in  control  animals 
k5fo^far?^i^rfgular  cages  simulating  the  conditions  in  which  exper^ental 
animals  were  kept  aboard  the  satellite,  except  for  weightlessness  [1,  19, 

20  24  281  Experimental  animals  were  sacrificed  several  hours  after  the 

20,  ^  ^  -fHoTif  and  also  after  a  period  of  rehabilitation  lasting 

rSIf  29°da5f  iffc«SMce  with  the  tLks  set.  bone  material  was  processed 
usSg  wiLs  S;hods  that  reflect  quantitatively  the  density  ^ructural 

compLltion  in  the  bony  substance,  the  degree  “l!o«nf  ^thf Skologlcal 

concentration  of  chemical  elements  in  the  mineral  component,  the  histoiogica 

structure  of  the  bone  and  so  forth. 

As  a  result  of  the  effect  of  spaceflight  factors ,  in  rats  mass  increase  in 
^?o\on!a  M  the  extremities  is  retarded  primarily  through  the  spongy  substance. 
sSriSng  has  flsHe^n  Lt"d  in  the  cortLal  layer  of  the  bone  in  the  Periste^. 
indicatins  a  slowdown  in  appositional  growth  in  the  bone,  that  is,  the  function 
if  isteSnLl^ Ta  rasSt  of  shrinUng  primarily  of  rha  lateral  portrons 
of  bone  larger  in  size  than  the  anteroposterior  portions  in  cross  section, 
tha  cross  sactlonal  shapa  of  tha  bona  was  altarad 

The  density  and  degree  of  mineral  saturation  also  substantxally  decrease 
S  thrspongy  structures,  namely  the  distal  epiphysis  and  f ® 

femur*  the  development  of  osteoporosis  took  place  with  retention  0 
mineralization  of  the  bony  substance  in  these  fragments.  Cortical  changes 
wer^SsiSiScant:  osteoporosis  did  not  develop  and  the  degree  of  mineralization 
in  the  organic  matrix  was  unaltered.  At  the  same  time  a  study  of  the  composition 
of  the  mineral  substance  in  the  head  of  the  femur  showed 

readantation  the  calcium  was  low  and  was  normalized  only  after  29^days  under 
terrSJfiS  conditions.  It  is  probable  that  under  weightless  conditions  there 
is  retardation  in  the  formation  of  the  bony  substance  and  the  process  of  its 
maturation  is  slowed  down.  However,  the  development  of  osteoporosis 
conditions  is  the  result  of  increased  resorption  of  bone  tissue, 
bv  the  findings  from  histologic  and  morphometric  studies  of  the  median  section 
of  rtc  diupSLs  of  the  femu?  iu  rate.  A  picture  of  marked  -te^orosrs  was 
found  in  tL  proximal  metaphysis  of  the  tibia.  The  changes  observed  in 
different  bones  are  similar,  but  in  the  spongy  substance  they^are  seen  to 
a  greater  degree  than  in  compact  bone.  These  differences  probably  result 
frL  the  more  intensive  metabolic  processes  in  the  spongy  bone j  and 
a  29-day  period  of  terrestrial ’  rehabilitation  was  insufficient  for  complete 
resolution  in  the  bone  tissue  and  recovery  of  the  level  in  contiol  animals.^ 

It  is  possible  that  the  formation  in  the  bone  tissue  of  , 

substituted  calcium  nitrate  salts  entering  the  interstitial  nuid  and  bio 0  p  y 
,  a  role  in  the  mechanism  involved  in  the  alteration  of  mineral  metabolism  in 

weightlessness  [21]. 
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We  have  also  studied  the  trends  in  and  degree  of  bone  changes  in  tortoises 
undergoing  spaceflights  lasting  from  19  to  90  days  [22].  It  has  been  established 
that  under  the  influence  of  spaceflight  factors  lasting  60-90  days  in  tortoises 
moderate  osteoporosis  develops  in  the  epiphyses  and  metaphyses  of  the  long 
bones,  without  change  in  the  microstructures  retained.  The  differences  from 
rats  lie  in  the  rate  at  which  the  dystrophic  processes  develop.  Whereas  in 
rats  loss  of  the  bone  mass  in  the  spongy  structures  may  reach  20%  in  19  days. 

o?  not^exceed  4-8%  after  60-90  days.  This  may  be  the  reLit 

ot  the  lower  intensity  of  metabolic  processes  in  the  tortoises. 

Analysis  of  our  own  and  other  published  data  on  the  degree  of  changes  in  the 
skeleton  in  man  and  animals  has  shown  that  the  level  of  calcium  loss  in  man 

this  observed  under  bed-rest  conditions,  and 

this  model  therefore  can  be  considered  adequate  for  weightless  conditions 

^  applied  to  the  skeletal  system.  Patterns  in  the  development  of  osteoporosis 

extremities  are  nonsupportive  correspond  to  these  patterns  in  iLividuals 
n  hypodynamia.  Quantitative  indexes  for  loss  of  bone  tissue,  that  is  the 
easure  of  osteodystrophy,  in  dogs  in  the  spongy  tissue  of  the  distal 

Sor2S^S®46%^^®i'l°^-‘'^®  average  35%  with  individual  variations 

rom  24%  to  46%,  while  in  rats  in  an  analogous  model,  loss  of  mass  in  the 
spongy  substance  has  amounted  to  34%,  and  in  man,  35%  [28]. 

loss  of  spongy  substance  occurring  when  the  weight  load  is 
masHeeardS^S  universal  value,  while  retention  of  the  remaining  bone 
hv  tron  f-  functional  status  of  the  extremities  is  established 

whlfh  been  shown  that  the  rate  at 

d^Sty  orthe  bone^tJ  ”^ny  factors,  among  which  the  initial 

^  f  mentioned;  in  the  vertebrae  of  healthy 

individuals,  for  example,  it  varies  between  broad  limits  [26].  Resistance 

tissue  bones  with  a  denser  compacting  of 

bone^^^^^‘^  X-ray  diaposis  of  osteoporosis  is  made  in  them  later  than  in 
bones  with  a  low  density.  Attention  should  also  be  drawn  to  the  fact  that 
osteoporosis  in  hypodynamia,  including  in  weightless  conditions  in  man 
develops  first  in  the  spongy  substance  of  the  axial  skeleton,  whose  main  mass 
xs  concentrated  in  the  vertebral  column.  After  achieving  maii^i^  raSactio" 
for  a  load-free  vertebral  column,  further  atrophy  of  the  bone  tissue  ceases- 

1  year;  while  a  negative  calcium  balance 
bone  periods  is  probably  the  result  of  resorption  of  compact 

pus,  at  present  the  patterns  of  osteodystrophy  in  the  weight-free  skeleton 
del!  --tablispd  in  the  main,  and  studiL'^have  been  mSe  L  up  !o! 

ess!nt!21o°r  the  changes  in  the  mechanical  propertL^cJ  bone. 

1  ^  Pi^edxcting  traumatism  of  the  skeleton,  primarily  the  vertebral 

column,  following  hypodynamia  and  weightlessness. 

In  weightlessness  and  models  of  weightlessness 
sho^d  he  regarded  as  adaptation  to  the  conditions  of  ahsence  of  Iweirtt  loar 
on  the  locomotor  apparatus.  .  The  "skeleton  of  weightlessness"  or  "skfletor 

th.  T  «^dlt  of  adaptation  possesses  ne^prSertiL 

he  chief  of  which  is  decreased  mass  and  lower  mechanical  properties  as  the’ 
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result  of  changes  in  the  processes  of  the  restructuring  of  bone  tissue  stemming 
from  the  removal  of  load  from  the  supportive  skeleton  and  general  neutohumoral 
shifts  in  the  body.  Adaptation  to  the  conditions  of  weightlessness  or  bed 
rest,  expressed  in  atrophy,  not  only  of  the  skeletal  but  also  the  muscular 
system^  raises  a  whole  range  of  problenis. 

First,  the  return  of  an  organism  from  conditions  of  hypodynamia  to  the  previous 
force  load  requires  a  new  adaptation  that  may  continue  for  a  prolonged  period. 

It  is  probable  that  in  order  to  facilitate  readaptation,  adaptation  should 
be  "slowed  down"  or  at  least  not  permitted  to  reach  its  completion  in 
weightlessness  (or  models  of  weightlessness)  by  means  of  physical  exercises 
and  the  use  of  pharmacological  agents.  Second,  establishing  a  new  level  of 
neurohumoral  regulation  of  mineral  metabolism  in  hypodynamia  may  lower^the 
resistance  of  the  skeletal  system  to  various  pathogenetic  factors,  that  is, 
functional  changes  may  become  pathological,  causing  the  development  o  ^ 

progressive  osteoporosis  and  increasing  the  risk  of  fractures,  the  desposition 
of  mineral  salts -outside  the  skeleton  and  so  forth.  Third,  systemic  and  prolonged 
impairment  of  phosphorus-calcium  metabolism  results  in  changes  in  neuromuscular 
excitability,  contractility,  membrane  permeability  and  other  processes  depending 
on  it. 


The  questions  discussed  here  are  of  great  importance  not  only^for  the 
pathophysiology  of  extremal  conditions  but  also  for  various  fields  in 
medicine  where  studies  are  being  conducted  on  the  etiology  and  pathogenesis 
of  diseases  of  the  locomotor  apparatus  and  impairment  of  mineral  metabolism 
and  on  developing  .ways  of  preventing  and  treating  them. 
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UDC;  543. 545:543. 422;27;523. 877 

LIQUID  ELECTROPHORESIS,  ISOELECTRIC  ROCUSING  AND  ISOTACHOPHORESIS  UNDER 
MICROGRAYITATION  CONDITIONS 

Kiev  DOKLADY  AKADEMII  NAUK  UKRAINSKOY  SSR,  SERIYA  B:  GEOLOGICHESKIYE 
KHIMICHESKIYE  I  BIOLOGICHESKIYE  NAUKI  in  Russian  No  4,  Apr  84 
(manuscript  received  24  May  83)  pp  56t60 

AZHITSKIY,  G.  Yu,,  TROITSKIY,  G.  V.,  corresponding  member  of  Ukrainian 
Academy  of  Sciences,  MITICHKIN,  0.  V.,  SHARAYEVA,  T.  K. ,  VAVIROVSKIY,  L.  A. 
and  LEPSKIY,  A.  A.,  Crimean  Medical  Institute,  Simferopol' 

lAbstract]  A  study  was  made  of  the  resolutions  achieved  by  electrophoretic 
methods;  electrophoresis,  isoelectric  focusing  and  borateTpolyol  artificial 
pH  gradients  and  isotachophoresis  under  weightless  conditions.  Electro¬ 
phoretic  experiments  were  performed  on  a  universal  installation  consisting 
of  interchangeable,  universal  and  sealed  electrophoretic  coltnans,  a 
supporting  bar,  power  supply,  gradient  mixer,  pumps  for  buffer  solution  and 
biologic  preparation  input.  Electrophoresis  of  cells  was  performed  with 

solution  containing  EDTA  as  an  antiagregating  additive 
add  6%  sacchrose  to  create  isoosmotic  conditions.  The  resolution  of  the 
method  was  increased  by  a  factor  of  10  to  15  for  isoelectric  focusing,  4  to 
5  for  isotachophoresis  and  electrophoresis  by  weightlessness.  The  apparatus 
used  operated  reliably  for  up  to  48  hours. 

1161-6508] 


HEMATOENCEPHALIC  BARRIER  UPON  EXPOSURE  TO  IONIZING  RADIATION  WITH  NORMAL 
AND  ALTERED  GAS  MEDIA 

Moscow  KOSMICHESKIYE  ISSLEDOVANIYA  in  Russian  Vol  22,  No  2,  Mar-Apr  84 
(manuscript  received  17  Jan  83)  pp  297-305 

ANTIPOV,  V,  V.,  DAVYDOV,  B.  I.  and  USHAKOV,  I.  B. 

[Abstract]  Many  factors  have  been  studied  in  terms  of  their  influence  on 
the  blood-brain  barrier,  but  information  on  factors  influencing  the  barrier 
in  flight  is  still  insufficient.  The  most  significant  changes  should  be 


no 


expected  upon  exposure  to  ionizing  radiation  while  breathing  an  altered  gas 
mixture.  Studies  were  performed  on  200  female  mice  exposed  to  unilatera 
irradiation  by  60co  gamma  quanta  at  1.311  mA/kg  while  breathing  ordinary  air, 

8%  hypoxic  mixture  of  100%  oxygen.  Blood-brain  barrier  permeability  was 
measured  by  intraperitoneal  administration  of  a  label  consisting  of  0.8  ml 
of  a  10%  acid  fuchsln  solution,  which  normally  penetrates  the  blood-brain 
barrier  poorly.  It  was  found  that  permeability  of  the  barrier  increased 
with  nonuniform  irradiation  of  the  head  or  trunk,  though  this  effect  did  not 
occur  with  combined  gamma  irradiation  and  hypoxic  hypoxia.  Hypoxic  hypoxia 
and  hyperoxia  reduced  blood-brain  barrier  permeability  in  irradiated  animals. _ 
Greatest  influence  on  permeability  was  that  of  1.29-2.58  Cl/kg  gamma  irradiation 
of  the  trunk.  Blood^braln  barrier  permeability  depended  on  the  relationship 
of  doses  received  by  the  body  and  head,  i,e.,  nonuniformity  of  Irradiation. 
Figures  3;  references  39!  24  Russian,  15  Western. 
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UDC:  575.224.232:595.773.4 

FREQUENCY  OF  RECOMBINATIONS,  NONDISJTJNCTION  AND  RUPTURE  OF  CHROMOSOMES  IN 
MALE  DROSOPHILA  TffiLANOGASTER  EXPOSED  TO  ORBITAL  FI.IGHT 

Moscow  GENETIKA.  in  Russian  Vol  19,  No  12,  Dec  83 

(manuscript  received  11  Aug  81;  final  version  received  25  Feb  83) 
pp  2008-2013 

FILATOVA,  L.  P.,  VAULINA,  E.  N.  and  GROZDOVA,  T.  Ya. ,  Institute  of  General 
Genetics,  USSR  Academy  of  Sciences,  Moscow 

TAbstract]  The  purpose  of  this  experiment  was  to  study  both  the  frequency 
of  mitotic  recombination  and  the  frequency  of  nondisjunction  of  the  chromo¬ 
somes  in  miosis  in  male  Drosophila  exposed  to  space  flight  factors  in  the 
Salyut-6  spacecraft.  Individual  cultures  were  maintained  from  each  male 
for  18  days  after  the  flight,  each  male  crossed  with  3  to  5  females. 

Vibration  and  acceleration  factors  were  also  modeled  on  a  centrifuge.  Space 
flight  factors  increased  the  frequency  of  nondisjunction,  chromosome  ruptures 
and  mitotic  combinations.  Vibration  and  acceleration  alone  did  not  produce 
the  same  spectrum  of  changes  observed  in  space  flight.  Cosmic  radiation  and 
weightlessness  appear  to  be  the  major  causes  of  the  changes  observed. 
References  18:  9  Russian,  9  Western. 
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TJDC:  616.1-02:613.863 


EMOTIONAL  STRESS  AND  CIRCULATION 

Moscow  VESTNIK  AKADEMII  MEDITSINSKIKH  NAUK  SSSR  in  Russian  No  4,  Apr  84 
(manuscript  received  29  Jul  83)  pp  38-^45 

FEDOROV,  B.  M.,  PONOMAREV,  Yu.  T.  ,  STREL’TSOVA,  Ye.  N. ,  SINITSYNA,  T.  M. , 
SEBEKINA,  T.  V.,  PODREZOVA,  N.  A.,  TKACHEV,  V.  V.,  DQMRACHEVA,  M.  V., 
and  BOBKOVA,  A.  S.,  Moscow 

lAbstract]  Stress  reactions  and  their  Influence  on  circulation  were  studied 
in  various  situations,  including  normal  motor  activity  and  various  durations 
of  long-term  hypokinesia,  under  which  the  persons  studied  were  maintained 
in  strict  bed  rest  for  several  weeks  or  months.  Hypokinesia  was  found 
greatly  to  increase  the  circulatory  reaction  to  moderate  alarm  such  as  that 
experienced  during  dental  procedure.  Hypokinesia  causes  asthenization  of 
the  nervous  system,  functional  state  imbalance  on  the  higher  autonomic  centers 
of  the  brain  and  deviations  in  hemodynamics,  decreasing  adaptation  capabilities 
of  the  organism  so  that  functional  loads  previously  well  tolerated  begin 
to  cause  reactions  extending  beyond  the  physiological  norm.  The  influence 
of  182-day  hypokinesia  on  changes  in  circulation  upon  stress  caused  by 
mental  work  were  studied.  Exercises  performed  with  a  bicycle  odometer  and 
spring  loaded  hand  operated  expanders  during  bed  rest  greatly  reduced  the 
abnormal  reactions  observed.  References  33:  32  Russian,  1  Western. 
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SPACE  ENGINEERING 


EFFECTS  OF  ENVIRONMENT  ON  SPACECRAFT  MATERIALS 

Moscow  VOZDEYSTVIYE  OKRUZHAYUSHCHEY  SREDY  NA  MATERIALY  KOSMICHESKIKH  APPARATOV 
(NOVOYE  V  ZHIZNI,  NAUKE,  TEKHNIKE:  SERIYA  ”KOSMONAVTIKA,  ASTRONOMIYA")  in 
Russian  No  4,  Apr  83  pp  2-6 

[Annotation  and  introduction  from  book  "Effects  of  Environment  on  Spacecraft 
Materials  (News  in  Life,  Science  and  Technology:  ’Cosmonautics  and  Astronomy 
Series’)",  Izdatel’stvo  "Znaniye",  64  pages,  illustrated] 

[Text]  The  processes  of  space  environment  effects  on  the  [structural] 
materials  of  satellites,  orbital  and  interplanetary  stations  determine 
characteristics  such  as  operating  time,  reliability,  work  and  defense ^ func¬ 
tions  during  manned  flights.  This  pamphlet  describes  current  conceptions  of 
these  processes,  the  study  of  which  will  determine  further  progress  of  space 
epxloration.  It  is  intended  for  all  those  concerned  with  current  problems  of 
cosmonautics . 

Introduction 

Since  the  early  1970* s,  development  of  cosmonautics  has  been  characterized  by 
its  ever  increasing  penetration  into  different  areas  of  practical  endeavor  of 
mankind  and  use  of  space  technology  to  solve  the  most  diverse  applied  problems. 
Studies  of  natural  resources  and  meteorology,  navigation  and  geodesics, 
communication  systems  and  technology — such  as  a  far  from  complete  list  of 
areas,  in  which  the  latest  achievements  of  space-rocket  technology  and  space 
instrument  building  are  used. 

In  our  country,  enormous  attention  had  always  been  devoted  to  development  of^ 
space  systems  for  purposes  of  the  national  economy.  In  July  1975,  an  editoria 
in  the  newspaper,  PRAVDA,  stated:  "...  Cosmonautics  is  consistently  increasing 
its  contribution  to  solving  problems  of  the  national  economy.  The  demands  for 
its  'services'  are  also  growing  consistently  as  more  and  more  scientific  insti¬ 
tutions,  enterprises,  organizations  and  agencies  are  submitting  applications 
for  conducting  research  of  interest  to  them  in  space.  Wyh  each  new  mission, 
there  is  increase  in  the  return  from  research  conducted  in  near-earth  orbits.... 

Different  types  of  space  vehicles  (SV)  are  used  to  fulfill  national  economy 
programs  in  our  country:  permanent  manned  orbital  space  stations  (OSS)  of  the 
Salyut  series,  artificial  earth  satellites  (AES)  of  the  Meteor  series  that 


113 


are  intended  for  meteorological  observations  and  investigation  of  natural 
resources,  Molniya  [Lightning],  Ekran  [Shield],  Raduga  [Rainbow],  Gorizont 
[Horizon]  and  other  series  of  AES. 

In  the  future,  there  will  be  new  far-reaching  plans  on  the  agenda  of  cosmo¬ 
nautics,  such  as  development  of  solar  space  electric  power  plants  with  5-10  GW 
power,  the  solar  batteries  of  which  will  have  an  area  of  tens  of  square 
kilometers  and  weight  of  tens  of  tons,  assembly  of  technological-production 
complexes  and  radioastronomical  observatories  with  unique  capabilities  in  near- 
earth  orbits. 

At  a  time  when  cosmonautics  is  becoming  an  important  element  of  the  management 
system,  questions  of  profitability  and  economic  effectiveness  of  using  space 
technology  acquire  special  significance.  Considering  the  fact  that  the  cost 
of  operating  an  SV  is  many  times  lower  than  the  cost  of  developing  it  and 
inserting  it  in  orbit,  it  is  necessary  to  make  every  effort  to  extend  the 
service  life  of  SV's.  At  the  present  time,  the  requirement  is  being  advanced 
more  and  more  often  that  space  vehicles  must  function  reliably  in  orbit  for  10 
or  more  years,  whereas  for  the  planned  solar  electric  power  stations  the 
service  life  should  be  20-30  years,  considering  the  enormous  expenses  of 
developing  them  (15-40  billion  dollars,  according  to  estimates  of  foreign 
specialists) . 

Resistance  of  construction  materials  and  elements  of  SV  equipment  to  exogenous 
factors  plays  a  most  important  part  in  assuring  long-term  and  uninterrupted 
operation  of  space  vehicles.  An  SV  is  exposed  to  a  set  of  space  environment 
factors:  profound  vacuum,  corpuscular  and  electromagnetic  radiations  of  different 
types,  meteoroids,  weightlessness,  etc.  SV’s  used  to  explore  planets  could 
be  exposed  to  rather  specific  conditions.  For  example,  on  the  surface  of 
Venus  the  temperature  reaches  500°C  and  pressure  of  about  90  atm;  on  the 
surface  of  Mars,  an  SV  could  be  exposed  to  dust  storms,  i.e.,  flow  of  soil 
particles  moving  at  the  rate  of  30-100  m/s.  When  flying  to  the  outer  planets 
of  the  solar  system  (Jupiter,  Saturn),  SV’s  traverse  the  asteroid  belt  that 
is  situated  between  the  orbits  of  Mars  and  Jupiter.  Jupiter ^s  powerful  radia¬ 
tion  belt  presents  a  serious  danger  to  SV  equipment  as  it  flies  near  this  planet. 

The  diversity  of  space  factors  affecting  an  SV,  the  complex  energy  spectra  of 
corpuscular  and  electromagnetic  radiations,  the  possibility  of  exposure  to 
space  factors  in  different  combinations  and  in  different  order — all  this  makes 
it  considerably  more  difficult  to  study  and  predict  the  behavior  of  SV  materials 
in  the  space  environment.  Intensive  studies  in  this  field,  which  were 
prompted  by  the  demands  of  intensively  developing  space  technology,  resulted 
in  development  of  an  actually  new  scientific  direction,  space  materials 
technology,  the  tasks  of  which  include  experimental  and  theoretical  investiga¬ 
tion  of  changes  in  physical  properties  and  operating  characteristics  of 
construction  materials  under  the  influence  of  space  factors,  development  of 
new  materials,^  development  of  means  of  protecting  materials  and  elements  of 
equipment  against  space  factor  effects. 

In  the  years  of  its  development,  space  materials  technology  has  made  consider¬ 
able  strides,  primarily  in  assuring  resistance  of  materials  to  superhigh  vacuum 
and  ionizing  radiation.  Thanks  to  the  research,  radioresistance  of  elements 
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of  solar  batteries,  optical  systems,  electronic  equipment,  systems  of 
SV  heat  regulation,  etc.,  has  been  improved.  Specific  steps  have  been  proposed 
for  protection  of  the  most  vulnerable  elements  of  onboard  equipment.  The  long¬ 
term  uninterrupted  operation  of  the  Soviet  lunar  modules,  Lunokhod-1  and 
Lunokhod  2,  effective  function  of  Salyut-6  OSS  for  almost  5  years,  the  successful 
studies  of  the  atmospheres  and  surface  of  Venus  and  Mars  by  descent  vehicles  o 
Soviet  unmanned  interplanetary  stations  are  impressive  evidence  of  the  achieve¬ 
ments  in  assuring  viability  of  SV's. 

With  the  development  in  our  country  of  Salyut-type  OSS,  there  was  intensive  ^ 
development  of  experiments  in  the  field  of  space  technology.  Many  such  experi¬ 
ments,  including  some  following  international  programs,  were  performed  aboard 
Salyut-6  OSS.  Work  in  this  direction  is  continuing  aboard  Salyut-7. 

Expansion  of  the  areas  of  practical  application  of  space  technology  inevitably 
increases  the  requirements  as  to  quality  of  construction  materials  and 
poses  new,  sometimes  unexpected  problems  in  the  area  of  space  materials  tech¬ 
nology.  As  an  example,  we  can  mention  the  problem  of  accumulation  of  consider¬ 
able  electrostatic  charges  aboard  SV's,  which  we  encountered  only  in  the 
early  1970's,  when  we  launched  the  first  geostationary  AES’s  (altitude  of 
orbit  36,000  km). 

Thus,  space  materials  technology,  the  history  of  which  goes  backonly  slightly 
more  than  20  years,  continues  to  develop  intensively,  on  the  basis  of  the  latest 
achievements  in  allied  branches  of  science  and  engineering  and,  in  turn,  making 
its  contribution  to  development  of  allied  branches  vacuum  and  radiation 
engineering,  technology  of  semiconductor  instrument  building  and  technology 
of  production  of  extra-pure  materials. 

This  brochure  sheds  light  on  the  most  pressing  problems  of  space  materials 
technology;  it  discusses  the  physical  and  applied  aspects  of  various  phenomena 
that  occur  under  the  effect  of  space  factors  on  materials  and  elements  of  SV; 
it  describes  the  principles  and  some  methods  of  simulating  the  effects  of 
space  factors  and  demonstrates  the  prospects  of  development  of  space  materials 

technology. 


FOOTNOTE 

1.  The  latter  is  often  referred  to  so-called  space  technology. ^  However,  the 
opinion  is  becoming  increasingly  popular  that  "such  scientific  directions 
as  'space  materials  technology'  and  'space  technology'  are  essentially 
the  same  science  dealing  with  the  behavior  of  materials,  methods  of^ 
obtaining  and  joining  them  in  space"  ("Kosmicheskoye  materlalovedeniye  1 
tekhnologiya"  [Space  Materials  Technology  and  Engineering],  A.  S.  M. 
Okhotin  editor-in-chief,  Moscow,  Nauka,  1977).  Since  we  adhere  to  this 
view,  we  shall  unite  hereafter  both  disciplines  under  the  same  name, 
space  materials  technology. 

COPYRIGHT:  Izdatel'stvo  "Znaniye",  1983 
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PROSPECTIVE  USES  FOR  DIFFUSION  R^ELDING  IN  VACUUN 
Moscow  KPJ^SNAYA  ZVEZDA  in  Russian  4  Aug  84  p  3 

lArticle  by  Nikolay  Fedotovich  Kazakov,  Doctor  of  Technical  Sciences, 

Professor  of  the  Moscow  Aviation  Technology  Institute  imeni  Tsiolkovskiy , 
meritorious  scientist  and  engineer  of  the  RSFSR,  Lenin  Prize  laureate] 

{Abstract]  The  author  discusses  the  principles  and  features  of  diffusion 
welding  in  a  vacuum,  and  he  mentions  some  of  the  types  of  materials  that 
can  be  welded  most  successfully  by  this  method.  For  example,  it  is  said  to 
possess  a  number  of  potential  advantages  for  space  welding  operations  which 
are  envisaged  in  the  future,  particularly  the  welding  of  metal  structurals. 

The  high  vacuum  of  outer  space  and  the  use  of  the  simplest  devices  to  transmit 
compression  pressure  ensure  reliable  joining  of  various  combinations  of 
materials,  the  author  explains*  He  also  claims  that  the  use  of  the  diffu-^ 
sion  method  can  shorten  time  for  the  repairing  of  space  technology. 

Nuclear  power  engineering,  high-energy  and  high^temperature  physics,  polymer 
chem_lstry,  radio  electronics,  superhigh-pressure  physics,  computer  technology 
and  rocket  building  are  mentioned  as  other  fields  in  which  diffusion  welding 
holds  unusual  promise*  Diffusion  technology  is  said  to  be  of  particular 
interest  in  connection  with  work  on  the  intensification  of  welding  through 
the  action  of  powerful  electric  and  magnetic  fields;  welding  superconductive 
materials  while  preserving  their  properties  in  zones  of  joints;  processes 
for  welding  ionic,  laser  and  piezoelectric  crystals;  new  types  of  heating 
for  specimens  that  are  to  be  joined,  including  laser  heating  in  a  glow  dis¬ 
charge:  and  the  welding  of  reactive  (fuel  and  radioactive)  materials  for  the 
purpose  of  obtaining  new  high-performance  fuel  elements.  Diffusion  welding 
is  expected  to  be  an  indispensable  part  of  processes  for  the  production  of 
ceramic  engines  which  have  been  proposed. 


FTD/SNAP 
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TJDC;  536.24.01 

ONE  llETHOD  OF  SOLVING  THE  PROBLEM  OF  lOSISTEALY  HEAT  EXCHANGE  OF  A  BODY  AND 
ITS  ABLATION 

Leningrad  TESTNIK  LENINGRADSKOGO  -UNIVERSITETA;  MATEmTIKA,  MEKHANIKA, 
ASTRONOMIYA  in  Russian  No  2,  Apr  84  (manuscript  received  24  Jun  82)  pp 

POLYANSKIY,  A,  F.  and  SKURIN,  L.  I. 

TAbstract]  A  relatively  simple  method  is  suggested  for  solution  of  the 
unsteady  heat  exchange  and  ablation  problem.  The  authors  propose  a  modifica' 
tion  of  the  method  of  straight  lines  with  approximation  of  the  temperature 
field  of  a  body  in  the  direction  of  its  major  motion  by  a  cubic  spline. 

The  method  is  tested  in  a  one-dimensional  model  by  comparing  it  with  a 
known  precise  solution  for  the  problem  of  heating  and  ablation.  In  contrast 
to  the  method  of  grids  at  each  calculation  moment  in  time  the  profile  of 
temperature  in  the  body  is  described  by  a  function  which  is  continuous 
together  with  its  first  and  second  three-dimensional  derivatives.  For 
heat  exchange  problems  characteristic  for  hypersonic  flow,  only  a  few  bands 
need  be  Introduced  in  the  direction  of  the  major  change  in  temperature. 

A  significant  savings  in  machine  time  is  achieved  since  the  problem  can 
be  solved  by  a  limited  number  of  differential  equations  for  Di(t)  . 

Figures  2;  references;  4  Russian, 

1156-6508] 
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SPACE  APPLICATIONS 


SPACECRAFT -AIDED  RESE.ARCH  DISCUSSED  AT  GEOLOGY  CONGRESS 

Ashkhabad  TUPJUIENSKAYA  ISKRA  in  Russian  10  Aug  84  p  3 

[Article  by  N.  Konstantinov  and  Yu.  Shchevyakov,  correspondents] 

lE:xcerpt]  A  "Space  Geological  Kap  of  the  USSR"  turned  out  to  be  one  of  the 
highlights  of  the  27th  International  Geological  Congress.  No  other  country 
in  the  world  has  such  a  map  at  present. 

A  disciission  of  problems  of  satellite^ralded  geology  and  comparative  planetology 
which  was  included  in  the  program  of  the  congress  in  Koscow  attracted  the 
attention  of  the  more  than  200  delegates  and  guests.  At  the  request  of  TASS 
correspondents,  B,  N.  Mozhayev,  general  director  of  the  "Aerogeologiya" 
association,  told  about  achievements  of  our  scientists  in  this  field. 

"Structures  whose  existence  could  only  be  suspected  by  geologists  in  the 
past  become  visible  on  the  Earth’s  surface  from  the  altitude  of  an  orbital 
flight.  This  pertains  primarily  to  ring-shaped  structures  hundreds  of  kilometers 
in  diameter,  and  to  linear  transcontinental  faults  of  the  Earth’s  crust  which 
are  thousands  of  kilometers  longs. 

"More  than  4,000  structures  have  been  detected  from  space  on  the  territory  of 
the  USSR  and  entered  on  maps. 

"Soviet  orbiting  stations,  ’Soyuz’  spaceships  and  satellites  of  the  ’Meteor’ 
and  ’Kosmos’  series  are  equipped  with  photographic  and  scanning  instruments. 

MKF-6  cameras,  for  example,  are  capable  not  only  of  distinguishing  details  only 
15  kilometers  in  size  in  a  locality;  they  also  can  determine  the  chemical 
composition  of  rocks  on  the  basis  of  remote  spectrograms." 


FTD/SNAP 
CSO:  1866/25 
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TJDC  551.521.3:551.507.362 


ENHANCING  PRECISION  OP  REI'TOTE  TEMPERATURE  SENSING  DATA  PROM  SATELLITES  UNDER 
CLOUDY  ATMOSPHERIC  CONDITIONS 

Moscow  ISSLEDOVANIYE  ZEl^'lLI  IZ  KOSMOSA  in  Russian  No  2,  Mar-Apr  84 
(manuscript  received  30  May  83)  pp  15-22 

PLOKHENKO,  Yu.  V.  and  USPENSKIY,  A.  B. ,  State  Scientific  Research  Center  for 
the  Study  of  Natural  Resources,  Moscow 

I Abstract]  Cloud  cover  is  the  major  impediment  to  radiometric  IR  band 
measurements  of  thermal  radiation  from  the  earth-atmosphere  system.  Present 
algorithms  for  the  remote  determination  of  temperature  with  partial  cloud 
cover  which  have  been  proposed  in  the  literature  are  difficult  to  compare 
with  each  other  since  no  analysis  has  been  made  of  their  accuracy  and  the 
few  attempts  at  estimating  the  information  content  and  optimizing  the  composi¬ 
tion  of  such  measurements  are  based  on  considerations  of  a  physical  nature 
or  are  tied  to  a  specific  algorithm.  This  paper  partially  fills  in  these  _ 
blanks  by  proposing  a  physical  statistical  model  for  IR  measurements  made  in 
the  presence  of  multilayer,  partial  cloud  cover.  The  model  is  used  to  derive 
optimal  estimates  of  the  temperature  distribution  and  the  effective  cloud 
cover  density.  It  is  assumed  that  the  clouds  can  be  represented  by  a  thin 
absorbing  layer  (shield)  at  a  specific  temperature  and  altitude,  and  that 
the  cloud  layers  have  reflectivities  close  to  zero.  The  clouds  are  assumed 
not  to  overlap.  Cloudiness  produces  a  sharp  drop  in  the  precision  of  any 
estimate  for  the  atmospheric  layer  under  the  cloud  cover.  The  information 
content  indicator  falls  off  as  the  cloud  cover  altitude  increases.  The 
calculations  demonstrate  that  the  accuracy  of  estimates  of  the  effective  clou 
cover  for  two  adjacent  layers  is  poor,  i.e.  adjacent  or  close  layers  are 
poorly  distinguishable.  The  precision  of  estimates  of  the  effective  cloud 
cover  improves  as  the  spacing  between  the  levels  increases  and  the  altitude 
of  the  top  layer  rises.  The  analytical  expressions  derived  here  are  not 
illustrated  with  any  sam.ple  calculations  or  hardware  applications.  Tables  1, 
references  9:  6  Russian,  3  Western. 

[126-8225] 
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UDC  528.72(202) ;535. 36 


Il'IPACT  OF  FLUCTUATIONS  IN  OPTICAL  PROPEPvTIES  OF  ATMOSPHERE  ON  THE  PxATIO  OF 
SPECTRAL  BRIGHTNESSES  FROM  RET.TOTE  SENSING  OF  AGRICULTURAL  LAND 

Moscow  ISSLEDOVANIYE  ZEI^RI  IZ  KOSMOSA  in  Russian  No  2,  Mar-^Apr  84 
(manuscript  received  6  Jul  83)  pp  23-24 

AKHMEDOV,  Sh.  A.  and  USIKOV,  D.  A.,  Scientific  Production  Association  for 
Space  Research  of  the  AzSSR  Academy  of  Sciences,  Baku  and  the  USSR  Academy 
of  Sciences  Institute  of  Space  Research,  Moscow 

lAbstract]  The  Interpreted  data  from  multiband  video  images  made  from  space 
is  distorted  by  the  atmosphere,  the  optical  param^eters  of  which  fluctuate 
around  average  values  and  are  generally  unknown.  The  mean  statistical 
error  in  determining  the  brightness  ratio  of  a  target  object  at  two  differ¬ 
ent  wavelengths  is  determined  from  measurements  at  0.63  and  0,57  micrometers 
for  the  cities  Krasnoyarsk,  Markovo,  Riga,  Omsk,  Pechora  and  Gur’yev,  with 
the  average  values  of  the  optical  thickness  at  these  wavelengths  and  their 
dispersions  being  taken  from  actinometric  station  data.  An  analytical 
expression  is  derived  for  calculating  the  dispersion  of  this  ratio.  The 
maximum  relative  error  reaches  10%,  an  amount  which  can  be  significant  in 
research  and  practical  applications.  Tables  1;  references;  2  Russian. 
1126-8225] 


UDC  551.501.776:629.78 

DETERMINATION  OF  ALTITUDE  OF  CLOUD  GOFER  TOP  FROM  ^METEOR’  SATELLITE  DATA 

Moscow  ISSLEDOVANIYE  ZEMLI  IZ  KOSMOSA  in  Russian  No  2,  Marr-Apr  84 
(manuscript  received  9  Sep  83)  pp  25-34 

KOPROVA,  L.  I.  and  BAKHAKATOV,  A.  Ye.,  Institute  of  Oceanology  imeni  P 
imeni  P,  P.  Shirshov,  USSR  Academy  of  Sciences,  Moscow  and  State  Scientific 
Research  Center  for  the  Study  of  Natural  Resources,  Moscow 

{Abstract]  The  second  generation  "Meteor'^  satellites,  which  have  an  IR 
radiometer  with  better  resolution  than  those  in  their  first  generation 
counterparts,  enable  greater  precision  in  the  measurement  of  the  altitude  H 
of  the  upper  cloud  cover  boundary.  The  value  of  H  is  determined  from 
satellite  measurements  of  the  radiation  exiting  the  earth-atmosphere  system 
in  the  8  12  micrometer  transmittance  window,  supplemented  with  apriori 

data  on  the  stratification  of  the  atmosphere.  Since  the  IR  measurements 
are  made  at  only  one  wavelength,  a  fundamental  difficulty  is  the  lack  of 
apriori  data  on  the  atmospheric  structure  at  the  time  of  the  measurements. 

A  timely  determination  of  H  requires  the  use  of  global  climatic  data  on  the 
meteorological  parameters  of  the  atmosphere  as  the  apriori  information. 

This  paper  is  a  detailed  analysis  of  an  improved  satellite  measurement 
technique  for  H  which  resolves  the  following  problems:  1)  The  determination 
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of  the  scope  and  complement  of  the  apriori  global  infomatlon;  2)  The 
generation  of  the  requisite  catalog  and  procedure  for  its  timely  use;  ^ 

3)  The  automation  of  the  identification  of  IR  data  on  cloud  conditions, 

4)  The  procedure  for  the  use  of  IR  measurements  in  mapping  the  cloud  top 
altitude  and  taking  into  account  the  effect  of  the  atmospheric  layer  over 
the  clouds  on  the  IR  measurements.  The  altitude  determination  procedure 

was  checked  by  comparing  synchronous  radio  sensing  and  satellite  data  for  two 
regions  where  cloud  shape  and  altitude  differ  substantially:  the  White  Sea 
(1978)  and  the  tropical  latitudes  of  the  Indian  Ocean  (1977) .  The  following 
Le  summarized  in  extensive  tables:  the  satellite  and  radio  sensing  data 
on  H;  the  transmittance  function  of  the  atmospheric  layer  over  e  c  ou 
as  a  function  of  latitude  in  both  the  northern  and  southern  hemispheres 
in  July  and  January;  the  value  of  H  based  on  radio  sounding  data  and  cal- 
culated  from  the  measured  radiation  temperature  and  climatic  data  as  well  as 
estimates  of  the  impace  of  the  atmospheric  layer  above  the  clouds  on  the 
destination  of  H.  Maps  of  H  produced  during  the  "POLB-83"  period  intended 
for  the  study  of  circumpolar  currents  demonstrated  that  this  technique  mor 
completely  takes  into  account  the  effect  of  cloud  cover  on  atmospheric  and 
oceLological  processes.  Rata  on  H  can  also  be  used  for  weather  forecasting 
in  regions  poorly  covered  by  meteor logical  observations.  Figures  , 
tables  5;  references  14:  10  Russian,  4  Western. 

1126-8225] 


URC  528.77:550.814+629.78(470.4+574.1) 


LANRSCAPE  INTERPRETATION  CAPABILITIES  USING  SPACE  PHOTOGRAPHS  OF  REGIONS  OF 
A  MULTISTAGE  PLATFORM  MANTLE  STRUCTURE 

Moscow  ISSLEROVANIYE  ZEMLI  IZ  KOSMOSA  in  Russian  No  2,  Mar-Apr  84 
(manuscript  received  8  Jun  83)  pp  35-43 

OBRYARCHIKOV,  0.  S.  and  PETROV,  S.  Ye,  (deceased),  All-Union  Scientific 
Research  Petroleum  Geological  Prospecting  Institute,  Moscow 


TAbstract]  Space  photographs  of  such  regions  as  the  sub-Urals  plateau 
(a  semi-arid  plain  practically  devoid  of  vegetation)  exhibit  a  uniform, 
washed-out  shading  with  little  contrast.  This  paper  analyses  the  informa¬ 
tion  content  of  such  local  regional  space  photos  for  the  eastern  part  of  the 
Caspian  basin,  an  area  with  a  complex  structure  of  the  lower  strata  of  the 
platform  mantle  (down  to  the  lower  Permian  inclusively)  and  extensively 
developed  salt  dome  tectonic  systems.  It  is  shown  that  using  the  ^eviati 
of  the  plan  view  position  of  the  lineaments  from  the  projection  onto  the 
ground  surface  of  the  fracture  faults  corresponding  to  the  lineaments  re¬ 
vealed  by  deep  seismic  prospecting  one  can  determine  the  inclination  angles 
of  the  planes  of  their  displacements.  For  the  Emba  and  Temir  river  faults, 
these  angles  average  45*  and  55*  respectively.  While  local  space  P^^^os  can 
be  of  practical  importance  in  terrain  interpretation  when  studying  h  p 

structLe  and  developmental  history  of  the  most  complexly  structured  ancient 
pSfLms  with  a  multistage  mantle,  careful  combined  analysis  of  space  and 
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geophysical  data  is  still  required .  When  geophysical  data  are  inadequate, 
unambiguous  interpretation  of  space  photographs  is  impossible,  but  they 
will  be  of  definite  value  in  assisting  with  the  planning  of  further  ground 
studies.  Figures  3;  references:  25  Russian. 

[126-8225] 


UDC  535.343+535.274.4 

INTERPRETATION  OF  MULTIBAND  PHOTOGRAPHS  MADE  DURING  'TELEFOTO-80 ’  EXPERIMENT 
FOR  THE  PURPOSE  OF  DISCRIMINATING  AGRICULTURAL  CROPS 

Moscow  ISSLEDOVANIYE  ZEMLI  IZ  KOSMOSA  in  Russian  No  2,  Mar-Apr  84 
(manuscript  received  8  Jun  83)  pp  44-47 

KACHIN’SKI,  R. ,  Institute  of  Geodesy  and  Cartography  of  the  Polish  Academy 
of  Sciences ^  Warsaw 

[Abstract]  Aerial  photographs  were  taken  from  an  AN-30  laboratory  aircraft 
on  July  27th,  1980  from  about  2,500  m  (scale  of  1:20,000)  with  an  MKF-6M 
during  the  Telefoto— 80"  experiment  conducted  within  the  framework  of  the 
"Intercosmos"  program.  The  photos  were  interpreted  to  ascertain  the  follow¬ 
ing  crops:  corn,  potatoes,  beets,  wheat,  flax,  meadow  and  pasture  land, 
barley,  oats,  and  rye  and  rape  in  the  area  around  the  Polish  villages  of  Kulin 
and  Tsesazhovltse,  The  results  of  interpreting  color  photos  of  119  fields 
near  the  former  and  132  fields  near  the  latter  locations  show:  1)  The 
natural  colors  of  crops  determined  visually  yield  the  same  results  for  rye 
and  wheat,  corn  and  potatoes  as  well  as  meadow  and  pasture  lands.  The 
incorporation  of  an  infrared  analysis  channel  makes  it  possible  to  dis¬ 
criminate  between  corn  and  potatoes,  and  between  rye  and  wheat.  The  average 
identification  accuracy  for  individual  agricultural  crops  ranged  from  86  to 
100%  (with  the  exception  of  oats,  which  was  only  correctly  identified  35%  of 
the  time,  since  it  was  Incorrectly  identified  as  flax  because  of  the  small 
number  of  fields).  Tables  5;  figures  1;  references:  2  Russian. 

[126-8225] 
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UDC  551.24+553.042:528.77+629.78 

USE  OE  SPACE  PHOTOGRAPHS  POE  AMALYSIS  ^  COMDITIOKS 

OP  FOEMATION  OP  MCIENT  PHLOGOPITE  AND  APATITE  DEPOSITS 

Moscow  ISSLEDOVANIYE  ZEMLI  IZ  KOSMOSA  in  Russian  No  2.  Mar-Apr  84 
(manuscript  received  7  Jul  83)  pp  48-54 

ZINATOV,  Kh.  G.  and  VAFIN,  R.  F.,  All-Union  Scientific  Research  Institute 
for  the  Geology  of  Normetallic  Minerals,  Kazan 

lAbstractl  Despite  the  fact  that  the  Central  Aldan  shield  has  ^erlenced 
several  staees  of  tectonic  and  magmatic  activity  over  the  last  . 

;rss:r:nrerrSesrctS^d“S;::nr:nf^e‘:^^^ 

TsS'^.ftS"  siteSitr sh»  f  pa?Srr;f  fug^nS”?^? line^  Srming  a 

Ir^rrLmhirgrirmhi:"  repeals  the  -Sularig  of  phlogopite  and  apatite 
/l.nr,r,c=^^-Q  Stress  fields  are  found  to  be  responsible  for  the  creation  or 
stLctur^s  in  pre-Cambrian  times  capable  of  concentrating  ^he 

:nd  preserving^heae  deposits  in  Phanerozolc  f of 
tectonic  analysis  proposed  here  to  problems  of  geological  interpr^atio 
soace  photographic  data  resolves  difficulties  related  to  the  syst^atlc 
aLlysL  of^the  dynamic  relationship  between  deposits  of  useful  minerals 
SftecLSc  struSures  and  is  thus  applicable  to  the  regional  analysis  of 
c»Ss  of  other  minerals.  Flgnres  3;  references.  U  Russian. 

1126-8225] 


UDC  551.244:528.77+629.78(477.9) 

USING  REMOTE  PHOTOGRAPHS  IN  PROSPECTING  FOR  HYDROCARBONS  ON  THE  KERCH 
PENINSULA 

Moscow  ISSLEDOVANIYA  ZEMLI  IZ  KOSMOSA  in  Russian  No  2,  Mar-Apr  84 
(manuscript  received  5  Apr  83)  pp  55-59 

KHNYKIN,  V.  I.  and  KOLODIY,  N.  V.,  Ukrainian  Geological  Prospecting 
Scientific  Research  Institute,  L’vov 

lAbstract]  Satellite  TV  Images,  photographs  from  manned  spacecraft  and 
are  grouped  into  Wo  systems.  The  first,  which  1= 

uronounced  in  photographs  with  the  greatest  generalization,  contains  _ 
riralenrs  tuning  parLlel  to  the  large  tectonic 

individual  structural  elements  in  some  cases;  the  second  8^  P  1^45^1 /la 

of  unt^ents  running  primarily  transverse  to  the  strike  of  the  local  folds. 
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and  can  usually  be  traced  intermittently  over  long  distances.  The  latter  can 
vServe  as  tectonic  shields  for  pools  of  hydrocarbons.  Prospecting  for  such 
pools  in  the  Nizhnemaykopskly  deposits  is  underway  on  the  Kerch  Peninsula  at 
the  present  time,  It  has  been  shown  that  there  are  no  reservoirs  in  the  crests 
of  the  structures  in  the  southwest  plain.  Considering  the  presence  of  trans¬ 
verse  fractures  here,  local  folds  in  this  area  can  be  treated  as  consisting 
of  individual  blocks  of  pools.  The  prospecting  is  to  be  started  in  these 
blocks  from  the  periclinal  portions  of  the  folds,  considering  them  to  be 
Independent  prospecting  targets  from  the  central  portions  of  the  structures, 
even  in  those  cases  when  seismic  surveys  do  not  indicate  transverse  fractur¬ 
ing.  It  is  appropriate  during  seismic  studies  when  preparing  structures  for 
drilling  to  devote  special  attention  to  sections  of  intersections  of  seismic 
profiles  and  lineaments  for  searches  for  poorly  pronounced  faults,  A 
detailed  map  of  lineaments  on  the  Kerch  Peninsula  and  such  features  as  mud 
volcanos  and  gas  condensate  pools  is  provided,  figures  2; 
references;  2  Russian. 
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UDC  631/635:629.78 

CATALOGING  THE  SPECTRAL  BRIGHTNESS  COEFFICIENTS  OF  THE  FORESTED  REGION  OF 
THE  EUROPEAN  TERRITORY  OF  THE  USSR 

Moscow  ISSLEDOVANIYE  ZEMLI  IZ  KOSMOSA  in  Russian  No  2,  Mar-Apr  84 
(manuscript  received  14  Jun  83)  pp  60-66 


ROSS,  Yu.  K,  and  PETERSON,  U,  K. ,  Institute  of  Astrophysics  and  Atmospheric 
Physics  of  the  Estonian  SSR  ACademy  of  Sciences,  Tartu  and  Tartu  State 
University 

lAbstract]  Data  from  ground,  aircraft  and  helicopter  measurements  of  the 
spectral  brightness  coefficients  of  the  earth’s  surface  which  were  obtained 
during  1976-1982  by  the  Institute  of  Astrophysics  and  Atmospheric  Physics 
of  the  Estonian  SSR  Academy  of  Sciences,  are  used  to  compile  a  catalog  of 
these  brightness  factors  for  the  northwest  portion  of  the  European  area  of 
the  USSR  for  all  seasons  of  the  year.  Three  wavelengths  were  used;  0.550, 
0,675  and  0.795  micrometers.  A  classification  system  is  developed  for  the 
mapping  of  the  surface  which  is  comparable  to  the  land  use  and  land  cover 
scheme  of  Anderson,  et  al,,  and  corresponds  to  the  second  level  of  this 
classification  in  terms  of  the  degree  of  detail.  Some  32  different  classi¬ 
fication  categories  were  selected.  The  average  values  of  the  spectral 
brightness  are  summarized  for  these  categories  in  tabular  form  for  five 
periods  of  the  year:  winter,  spring,  summer,  late  summer  and  fall.  The 
reliability  of  the  catalog  requires  that  the  spectral  brightness  coefficients 
be  supplemented  with  variation  coefficients,  however,  there  is  still  not 
sufficiently  reliable  data  for  this.  The  defining  criteria  for  the  five 
seaons  used  here  are  discussed.  The  catalog  has  practical  applications, 
in  particular,  the  compilation  of  spectral  brightness  maps  of  the  earth’s 
surface.  Tables  1;  references  32:  22  Russian,  10  Western. 
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TJDC  631.1:629.78 


REGRESSION  ANALYSIS  OE  AIRCRAFT  AND  GROUND  KEASURH-IENT  DATA  ON  VEGETATION 
COVER 

Moscow  ISSLEDOVANIYE  ZEMLI  IZ  KOSMOSA  in  Russian  No  2,  Mar-Apr  84 
(manuscript  received  19  Jul  83)  pp  67—75 

KLIMENKO,  0.  Ya,  and  KOZODEROV,  V.  V.,  Department  of  Computational 
Mathematics  of  USSR  Academy  of  Sciences,  Moscow 


TAbstract]  Data  from  aircraft  measurements  using  the  MKF-6  multiband  cam 
and  ground  measurements  of  the  phytometric  parameters  of 

the  Light,  thickness,  leaf  surface  area,  phytomass  dry  and  moist  weight  y 
volume,  vegetative  soil  shading  and  other  parameters  for  wheat  m  the 
Kherson  teL  area  in  1981,  were  subjected  to  regression  analysis  in  order 
to  determine  the  relationship  between  the  remote  measurements  and  ground 
measurements  for  the  vegetationr-soil  system.  The  regression  analysis  con¬ 
sisted  in  calculating  the  coefficients  of  the  linear  ®tep-by-step  regres¬ 
sion,  the  correlation  matrices  and  residual  dispersion  of  the  significant 
parameters.  The  findings  are:  1)  The  inadequate  precision  in  relating  the 
Lrcraft  and  ground  measurements  to  each  other  for  the  April  phenophase 
lellltel  ±n  cLsiderable  errors  in  the  predictive  model;  2)  Results  were  much 
better  for  the  June  phenophase  when  the  ground  data  were  better  tied  to  the 
aircraft  measurements;  3)  Very  low  correlation  coefficients  are  noted  bet^en 
the  denseness  and  the  other  parameters,  and  the  multiband 

lack  of  sufficient  statistical  data  does  not  now  allow  for  an  explanatio  , 

4)  A  comparison  of  calculations  based  on  single  factor  models,  when  the 
vegetation  index  and  straight-line  distance  was  taken  as  the  fac  or, 
shLed  that  the  results  obtained  for  the  straight-line  distance  are  sub¬ 
stantially  better.  The  need  for  an  experimental  check  of  these  regression 
data  by  means  of  independent  materials  is  noted.  Tables  2;  figures  3, 
Y0f0Y©xices  20:  8  Russian,  12  Western. 
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DIRECT  REGRESSION  ANALYSIS  OF  REMOTE  SENSING  DATA  (USING  EXAMPLE  OF  GRASS 
COVER) 

Moscow  ISSLEDOVANIYE  ZEMLI  IZ  KOSMOSA  in  Russian  No  2,  Mar-Apr  84 
(manuscript  received  8  Aug  83)  pp  76-86 

BALTER,  B.  M.  and  GANZORIG,  M. ,  Institute  of  Space  Research,  USSR  Academy 
of  Sciences,  Moscow 


TAbstract]  The  spectral  brightness  coefficients  of  areas  of  Baykal 
Lather  grass  (Stipa)  were  measured  in  the  Mongolian  Peoples^  Republic  ^^ring 
June  and  July  of  1982  in  20  spectral  bands  from  0.4  to  0.8  micrometers  with 


125 


terrain  resolution  of  about  0,1  Some  10  characteristics  of  the  grass 

state  were  defined  for  each  test  area;  about  200  points  were  measured  for  four 
areas  with  easily  distinguishable  types  of  grass.  The  portable  ISOKhr-020 
spectrometer  had  a  field  of  view  of  13°  and  the  measurements  were  made  in  clear 
weather  at  wind  speeds  of  less  than  2  m/s,  A  detailed  regression  analysis 
is  made  of  the  following  data:  1)  Maximum  leaf  height  in  a  given  test  point; 

2)  Heights  of  the  5th  and  lOth  leaves  of  the  grass,  measured  from  ground 
level;  3)  Damp  biomass  per  m'^;  4)  Damp  biomass  per  m^  with  respect  to  the 
four  major  groups  of  species;  5)  Moisture  content  in  the  different  species 
of  vegetation;  6)  Overall  moisture  content  in  vegetation;  7)  Soil  moisture 
content;  8)  The  first  four  semiT-invarlant  probability  distributions  of  the 
total  projective  soil  cover  at  a  test  point;  9)  The  same,  for  the  projective 
cover  of  just  the  green  vegetation;  10)  The  same,  for  the  projective  soil 
shading  by  the  leaves;  11)  The  same  for  the  distribution  of  the  leaf 
inclination  angles;  12)  The  same,  for  the  leaf  azimuth  distribution.  It 
was  found  that  the  measurement  data  (i.e,,  the  vegetation  phase)  had  the 
greatest  impact  on  the  spectral  brightness  of  all  of  the  variables  studied. 

The  stability  of  the  spectral  course  of  the  regression  quality  indicators 
with  a  change  in  the  input  data  is  good,  T*Jhen  the  number  of  variables 
describing  the  vegetation  state  increased  from  1  to  3,  the  regression  quality 
improved  slightly.  There  are  some  variables  which  are  obviously  better  than 
others,  and  in  this  case  these  were  the  total  biomass,  projective  coverage, 
moisture  content  and  average  leaf  inclination  angle.  T’or  the  majority  of 
variables,  the  optimal  spectral  ranges  in  terms  of  quality  are  close  to 
0.43,  0.65  and  0.75  micrometers.  Experiments  of  this  type  can  provide 
reliable  data  on  the  function  relating  vegetation  states  to  spectral  bright-' 
ness  and  thus  on  optimal  spectral  channels,  assuming  careful  checking  of 
systematic  errors,  especially  those  correlated  with  the  measured  variables. 
Tables  1;  figures  8;  references  4:  2  Russian,  1  Western,  1  Western  in 

Pvusslan  translation. 
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TJDC  528.7:681,3 

INTERACTIVE  PROCEDURES  FOR  DISCRIMINATING  AND  RESTORING  CONTOUR  LINE 
NETWOPvKS 

Moscow  ISSLEDOVANIYE  ZEMLI  IZ  KOSMOSA  in  Russian  No  2,  Mar-Apr  84 
(manuscript  received  1  Aug  83)  pp  87-97 

EL  MAN,  R.  I,,  All-Union  Lesproyekt”  Aerial  Photographic  Forest  Management 
Association,  Moscow 

lAbs tract]  In  computer'^aided  topical  mapping  nsing  data  derived  from 
aerial  and  space  photographs  the  contour  lines  comprising  the  structural 
outlines  of  a  map  can  be  fed  into  the  computer  in  various  ways  (encoder, 

TV  or  optomechanical  input  unit).  This  paper  is  a  detailed  analysis  of  a 
series  of  interactive  procedures  which  allow  an  operator  controlling  a  display 
to  discriminate  the  sketched  outline  on  a  photograph  and  reproduce  it  on  the 
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screen  of  the  display  within  the  precision  allowed  by  computer  digitization 
errors  It  is  assumed  that  the  contour  outlines  are  sketched  on  the  photos 
bv  the ’person  interpreting  them  with  white  gouache  paint.  The  discrimination 
of  the  contourTiS  is  aLomplished  by  either  an  "indistinct"  mask  or  a 
"loeic"  mask.  Following  the  discrimination  procedures,  the  contour  outlines 
ii  Se  mar£;  display  mLory  are  in  binary  form.  The  recovery  procedures  are 
bL2  o^the  use  of  I  domaii  with  dimensions  of  3^3  store  locations. 

The  techniques  and  decision  making  rules  for  the  reproduction  of  the 

contours  are  discussed  In  depth  and  Illustrated  “r’lSproJIkt" 

the  lutenaedlate  stages.  The  proposed  procedure  is  used  in  the  lesproyeKt 
Ill-TjSorAssociatlou  and  en5.1oys  the  "Perlkolor"  display  system  ^th  a 
KONTURY  package  of  programs  intended  for  the  primary  processing  of  contour 
Suriata  fri  remote  photographs.  Tables  1;  figures  6;  references  4  = 

2  Russian,  1  Western.  1  Western  in  Russian  translation. 

1126-8225] 


UDC  629.19:551 

terrain  ILlimiNATION  CONDITIONS  WHEN  TAKING  SCANNING  PHOTOGRAPHS  PROM  SPACE 

Moscow  ISSLEDOVANIYE  ZEMLI  IZ  KOSMOSA  in  Russian  No  2,  Mar-Apr  84 
(manuscript  received  2  Sep  83)  pp  98-106 

KUZINA  A.  M.,  MAL’TSEVA,  I.  G.  and  RAIM,  N.  S.,  Aerial  Methods  Laboratory 
of  the"Aerogeologiya"  Geological  Production  Association,  Leningra 

TAbstract]  The  primary  factors  Influencing  the  illumination  of  the  ground 
in  the  case  of  geological  and  geographic  interpretation  of  scanner 
photos  taken  from  space  under  cloudless  skies  with  good  atmospher  c 
hauspaienS  are  the  altitude  and  aslmuth  of  the  sun.  This  paper  derives 
S  Syres  erpresslons  for  the  solar  altitude  and  arlamth  for  terrain 
points  at  the  moment  they  arc  photographed  as  a  function  of  the  orbital 
Lrameters  of  an  earth  resources  satellite,  the  photograph  dates,  the 
Loeraphic  latitude  of  these  points  and  their  distance  from  the  satellite 
track. ^  It  is  assumed  that  the  scanner  photos  are  . 

a  circular  solar  synchronous  orbit  at  an  altitude  of  600  to  900  km,  that  the 

photos  are  taken  during  the  descending  orbital  . 

Ltellite  is  moving  southwest  in  the  morning  or  noontime  hours,  the  eart 
Zlface  Is  represented  by  a  shpere  and  the  orbit  is  stricUy  circular  and 
the  optical  spectrum  is  used,  employing  an  optical-mechanical  scanner  wit 
linear  horizontal  line  scanning  or  using  a  solid-state  MSU-E  or  the  HR 
scanner  of  the  SPOT  system.  All  line  elements  of  the  photos  are  assumed  to 
be  recorded  simultaneously.  It  is  shown  that  the  lighting  conditions  a 
practically  independent  of  the  satellite  altitude  and  are  complete  ygove 
by  the  mean  local  time  of  passage  of  the  descending  orbit.  Quantita  ive 
eimressions  are  also  found  for  the  change  in  illumination  within  any  ^ 
SuSug  photo  and  coualderatlons  are  diacuaeed  which  allow  recommending  an 
optimal  vLue  for  the  local  mean  time  of  deacendiug  trajectory  passage. 
Figures  65  references  11:  10  Russian,  1  Western, 
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UDC  629.19:551 


CALCULATING  SOLAR  HIGHLIGHT  AND  SHADELESS  AREAS  FOR  SCANNING  PHOTOGRAPHS 
FROM  SPACE  AND  OPTIMIZING  LIGHTING  CONDITIONS 

Moscow  ISSLEDOVANIYE  ZEMLI  IZ  KOSMOSA  in  Russian  No  2,  Mar-Apr  84 
(manuscript  received  2  Sep  83)  pp  107-116 

llAL'TSEVA,  I,  G. ,  Aerial  Methods  Laboratory  of  the  '’Aerogeologlya" 

Geological  Production  Association,  Leningrad 

[Abstract]  Light  scattering  by  natural  landscape  objects  exhibits  two 
maxima  which  fall  within  the  vertical  plane  having  an  azimuth  coincident  with 
the  azimuth  of  the  sun.  The  first  maximum  corresponds  to  the  direction  of  the 
solar  rays  (the  unshaded  region)  and  the  second  to  the  direction  of  the 
mirror  reflection  of  these  rays  from  the  horizontal  plane  (the  highlighting 
region).  In  these  two  regions,  the  brightness  coefficients  of  the  majority 
of  terrain  elements  increase  sharply  and  become  strongly  variable,  while  the 
contrasts  between  different  objects  as  a  rule  decrease.  The  spectral  con¬ 
trasts  are  greatly  distorted  in  the  highlight  region.  Multispectral  space 
scanner  photos  are  thus  best  made  under  illumination  conditions  which  minimize 
the  Impact  of  shade-free  and  highlight  regions.  On  the  other  hand,  the  images 
of  terrain  objects  in  these  regions  yield  the  maximxim  information  on  the 
scattering  Indices  of  the  objects.  This  paper  quantitatively  describes  these 
two  regions  as  applied  to  the  case  of  multispectrum  space  scanner  photo¬ 
graphy  from  earth  resources  satellites  and  the  optimization  of  the  ground 
illumination  conditions.  The  analysis  is  based  on  the  geometry  of  the  sun— 
satellite-earth  surface  system  and  also  treats  the  question  of  the  duration 
of  the  space  photography  season  and  its  dependence  on  lighting  conditions. 
Equations  are  solved  for  the  Isolines  and  centers  of  the  shadeless  and  high¬ 
light  regions.  The  proposed  procedures  are  sufficient  for  the  selection  of 
narrow  beam  sensors  and  local  mean  times  for  the  descending  orbit  passage 
for  which  these  regions  do  not  fall  in  the  photos.  The  Influence  of  back¬ 
ground  illumination  of  regions  in  the  northern  hemisphere  can  be  substantially 
reduced  by  changing  over  to  photography  during  the  ascending  orbit 
trajectories,  however,  this  curtails  the  available  season.  Tables  1: 
figures  6;  references:  2  Russian. 
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ITDC  528.7:681.3 

discrimination  of  linear  contour  elements  of  space  photogpaphs  based  on 

VISUAL  PERCEPTION  MODEL 

Moscow  ISSLEDOVMIYE  ZEMLI  IZ  KOSMOSA  in  Russian  No  2,  Mar-Apr  84  ^ 

(manuscript  received  1  Oct  82)  pp  117-124 

SMIRMOV,  H*  Vt  and  ROZANOV,  L*  N* 

lAbstract:  .ora^llaatlon  of  tha 

on  apaoe  photographa  In  the  case  such  a 

some  model  of  visual  perceptio  .  g  optimization  of  the  heuristic 

model  will  be  heuristic.  It  is  argue  nrnoerties  of  the  images,  A  model 

algorithm  is  possible  using  the  ^ach  Iteration, 

using  the  following  sequence  is  subjected  to  logarithmic 

the  Y-lc  range  of  variation  n  e  brightne^  subjec^  ..adlenls  an! 

transformation;  after  tnis,  a  iiiu  ranee  of  values  of  the 

simultaneously  provides  onen^ial  transformation.  The  last 

filtered  image  is  then  subjected  to  ^  P  maximum  values  of  the  converted 

operation  is  a  decorrelation,  ^  v  i  i-al  outline)  A  block  diagram  of  the 

image  Into  H-a  (ascerta  n  ng  =heletal^^tllne, . ^ 

proposed  model,  as  well  as  t  q  ^  model  to  a  statistical 

shown.  The  transition  is  ma  heuristically  developed  algorithm,  based 

one  for  cerwin  ^'rsloLed  spaL  phonographs.  The 

technique  is  applied  to  the  geological  ion  of  the  Pechora 

of  interest  i"  “  'rilin^w  I-nrSlSl  a^rlinohlne  interpreted 

River  mouth.  A  comparison  the  computer-aided  approach  notes  new 

lineaments  shows  good  agreemen  ,  n'maoes  also  show  the  shores  of 

elements  J^^^^^outlines  oriirge  geological  structures  (which  is 

water  areas,  drainage  and  outlines  g  g  „n„f1iipnce  of  the  Yenisey  and 

bi2“fth«  slp;iin;rnn“inuaLy  talerpreted^space^photog^^^^^^ 
jllreisrintraln;  r:u|d  £the  SUP^ 

combined  which  hLe  no  geological 

51SS“Cosiir‘«gSr^i:Ln»cifi9rifRS 
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ITDC  911. 62: 528. 71  (-925. 22) 


PHYSIC0-GE0GT5APHICAL  REGIONALIZATION  OF  CASPIAN  LOWLAND  BASED  ON  SPACE  SURVEY 
miERIALS 

Moscow  VESTNIK  MOSKOVSKOGO  UNIVERSITETA,  SERIYA  5;  GEOGRAFIYA  in  Russian 
No  1,  Jan-Feb  84  (manuscript  received  16  May  83)  pp  65-70 

KOPYL,  I,  7.  and  NIKOLAYEV,  V.  A, 

{Abstract]  Imagery  from  Salyut-4  and  Meteor  and  other  satellites  was  used  to 
establish  regionalization  through  analysis  of  functional  internal  structures 
of  the  natural  geosystems  consisting  of  conjunctions  of  spatial  and  genetic 
landscape  complexes.  Each  characteristic  physico-^geographical  area  has 
dominant  landscapes  shown  in  the  imagery  hy  patterns  which  can  be  analyzed 
according  to  geometry,  optical  density,  boundaries  and  other  features.  The 
original  sea  level  in  the  Caspian  lowland,  has  in  parts,  been  affected  by 
exogenous  processes  such  as  erosion,  eolianism  and  undermining  producing 
Baer  formations  and  dendritic,  striated,  spotted,  circular-concentric  and 
other  identifiable  shapes.  The  regional  pattern  is  built  up  from  textures 
of  landscapes  and  their  morphological  subunits.  The  area  breaks  down  into 
semi-desert  and  desert  subregions  and  land  use  modifications  such  as 
agricultural  and  pasture  use  are  visible.  Large-scale  morpho structural 
and  zonatlon  lineaments  as  well  as  paleogeographical  features  are  often 
visible.  Regionalization  is  more  precise  and  detailed  and  shows  complex 
interrelations  better  than  previous  versions  and  can  be  applied  for 
agricultural,  reclamation,  conservation  and  other  purposes. 


UDC  528.9:551.482.6:528.71 


MAPPING  OF  DYNAMICS  OP  DELTAS  BY  SPACE  PHOTOGRAPHY 

Moscow  VESTNIK  MOSKOVSKOGO  UNIVERSITETA,  SERIYA  5;  GEOGRAFIYA  in  Russian 
No  1,  Jan-Feb  84  (manuscript  received  7  Feb  83)  pp  70-81 

YEFREITOVA,  0.  N.  and  KRAVTSOVA,  V,  I. 

{Abstract]  River  delta  region  d3mamics  based  upon  hydromorphological 
development  processes,  delta  movements  seawards  and  river  flow  were  studied 
by  means  of  space  imagery  of  the  Danube,  Amu  Darya  and  Lena  deltas  from 
Meteor-Priroda  and  Landsate  satellite  scanners  with  medium  (240  m)  and 
high  (80  m)  resolution  and  from  Salyut  orbital  station  photos  with  30  m 
resolution.  Delta  development  was  shown  by  map  series  using  survey  mapping 
of  present  conditions  as  the  reference.  Scanner  photos  from  earth  re¬ 
sources  and  meteorological  satellites  were  used  to  map  seasonal  variations. 
Photos  retaken  with  the  same  technology  several  years  later  allowed  representa¬ 
tion  and  comparison  of  changes  and  analysis  of  dynamics  due  to  hydrodynamic 
systems  and  agricultural  and  reclamation  activities,  and  the  identification 
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of  delta  movements,  appearance  of  spits  and  bars  and  channel  variations. 
Belta  ««died  over  1-^-  Periods_^by  “^o- 

"rh^pMctlcal  valoe  of  space  Imagery  for  mapping  was  demonstrated. 


UDC  528.7  (202)  (73) 

COMPREHENSIVE  MAPPING  OE  ARID  TERRITORIES  OF  ARIZONA  USING  SPACE  PHOTOGRAPHY 

Moscow  ^/ESTNIK  MOSKGVSKOGO  DNIVERSITETA,  SERIYA  5:  GEOG^IYA  in  Russian 
No  3,  May-Jun  84  (manuscript  received  18  Apr  83)  pp  72-// 

GLUSHKO,  Ye.  V.  and  KONDRAT'YEVA,  T.  I. 

TAbstract]  Cartographic  work  to  compile  maps  of  the  arid  part  of  Arizona 
frofsSce  photogLpL  is  described.  Work  was  done  from  a  picture  obtained 

from  tL  •■LLdsat-1"  satellite  on  2  «ay  ”“t1l"^rof'“" 

svstem.  The  picutre  was  taken  at  a  height  of  915  km.  at  a  scale  ot 

360  000  with  a  spatial  resolution  of  70  meters  and  covers  an  area  of 
3^  fqua^fkilometers!  las  published]  Decoding  was  done  f o- 
color  images  in  the  spectral  ranges  micrometers  (green),  0.6^0  7 

rn-irrometers  (red),  and  0. 8-1.1  micrometers  (near  infrared)  using  a  worKi  g 
scale  of  1:1,000,000.  The  initial  map,  clearly  showing  the  g  er  ^  o 
the  piedmont  and  the  southwest  edge  of  the  Colorado  Plateau,  was 

compile  gcomorphologlcal,  soli,  geobotanlcal  and 

Futures  of  the  thematic  maps  are  described.  It  is  suggested  tnat  tne 
large-scale  use  of  space  photography  could  be  useful  in  compiling  photographic 
maps  of  the  USSR  at  a  scale  of  1:1,000,000,  similar  to  the  °gg“rtertLt 
f-lip  United  States^*  publlstied  earlier  (Pasadena,  1,^75)#  ^ 

the  use  of  space  methods  facilitates  improvements  in  geographical  cartograp  y, 
SLh  can  thL  also  be  used  to  compile  thematic  maps.  Photomapping  is 
acquiring  increasing  importance  in  monitoring  the  natural  environmen  . 

Figures  2;  references  8;  5  Russian,  3  Western. 
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UDC  911.2:  528.7 

REPETITION  OF  DENSE  CLOUD  COVER  ABOVE  INDIAN  OCEAN  FROM  GENERALIZED  SATELLITE 
DATA 

Leningrad  IZVESTIYA  VSESOYUZNOGO  GEOGRAFICHESKOGO  OBSHCHESTVA  in  Russian 
Vol  116,  No  2,  Mar-Apr  84  (manuscript  received  6  October  82)  pp  138-144 

ABRAMOV,  R.  V. 

lAbstract]  Using  as  a  data  base  Information  contained  in  the  USSR 
Hydrometeorological  Center  maps  compiled  during  the  period  1967r-1971 
(produced  from  pictures  obtained  by  Soviet  and  U.S,  satellites  for  the  pur¬ 
pose  of  petroleum  analysis)  an  attempt  was  made  to  determine  patterns  of 
repetition  in  dense  cloud  cover  above  the  Indian  Ocean  (latitude  30°  south 
to  30°  north,  longitude  30°  east  to  150°  east)  and  the  association  (if  any) 
between  cloud  t3npe  and  cloud  cover.  It  was  found  that  the  cloud  cover 
repetition  patterns  during  the  survey  period  (1967-1971)  was  most  marked 
in  the  region  of  the  equator,  reaching  25-26%  between  92°  east  and  96°  east. 
In  the  median  field  cloud  cover  repetition  reached  approximately  10.6%. 
Patterns  over  the  Indian  Ocean  are  compared  with  similar  patterns  over  the 
^ti^^^tic  and  Pacific  oceans,  and  the  significance  of  cloud  cover  patterns 
on  global  thermal  flows  is  discussed.  Cloud  types  were  analyzed.  It  was 
found  that  the  dominant  type  overall  above  the  Indian  Ocean  is  cumuliform, 
which  does  not  usually  form  dense  cloud  covers,  Dense  covers  of  cumulus 
dominate  in  the  east  equatorial  and  Arabian  Sea  zones.  Stratiform  and 
cirrus  frequently  accompany  cumulus.  It  is  concluded  that  most  of  the 
dense  cloud  cover  in  the  southern  hemisphere  occurs  in  the  equatorial  region 
and  that  the  southern  hemisphere  is  still  the  major  recipient  of  solar  heat. 
Figures  2;  references  16:  11  Russian,  5  Western. 
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SPACE  POLICY  AND  ADMINISTRATION 


U,S.  SPACE  POLICY  SAID  TO  SEEK  'ABSOLUTE  MILITARY  SUPREMACY' 
Moscow  INTERl^ATIONAL  AFFAIRS  in  English  No  6,  Jun  84  pp  61-67 


TArticle  by  Y.  Tomilim;  "To  Avert  the  Threat  of  Militarizing  Outer  Space"] 

[Text]  The  first  nation  to  begin  peaceful  exploration  of  outer  ^ 

Union  is  exerting  every  effort  to  prevent  outer  space  from  becoming 
of  the  ?ace.  'in  the  1960a  and  1970a  the  Soviet  Uni- 

initiated  a  number  of  international  agreements  which  limit  the  use  of  O'fte 
space  for  military  purposes.  Nevertheless,  outer  space  occupies  a  prominent 
place  in  Waahington'a  plana  for  military  supremacy.  The  states  ha 

proclaimed  and  actively  pursues  large-scale  preparations  for  star  wars. 

The  name  itself,  borrowed  from  the  notorious  science  fiction  movie,  indicate 
that  the  fantasy  of  the  architects  of  this  campaign  has  really  gone  wi  . 

Outer  space  is  already  crammed  with  reconnaissance  and  communication  satellites 
which  are  used  by  difLrent  arms  of  the  U.S.  military  services.  Fred  Kaplan, 
a  military  observer,  writes  in  THE  WASHINGTON  POST:  "Most  of  what  we  know 
^boit  the'soviet  military,  especially  about  its  nuclear 

satellites.  A  great  deal  of  military  communications,  command -control  networ  , 
navigational  aiL  and  other  support  systems  also  are  channelled  through 
satellites  • 

Until  quite  recently  U.S.  military  programmes  considered  outer  space  to  be 
of  auxUiary  importance,  as  it  were.  Today,  it  is  rapidly  moving  to  the  fore¬ 
ground,  and  measures  are  currently  being  elaborated,  the  f 

which  will  make  outer  space  a  significant  military  theatre.  ^ 

projects  are  underway  in  the  United  States  aimed  at  creating  antisatellite 

weapons  systems. 

Several  years  ago,  a  propaganda  campaign  was  launched  in  the  United  States 
that  a  "Lviet  threat"  was  enhanced  by  the  existence  of  Soviet  antisatellite 
weapons  for  use  against  American  systems,  and  that  the  Americans  were  lagging 
behind"  in  this  sphere.  This  is  a  routine  device  employed  by  the  Pentagon 
every  time  it  needs  funds  to  develop  new  types  of  weapons, 
the  Squired  money,  the  appropriate  U.S.  departments  and  f 

and  started  testing  an  antisatellite  system  based  on  the  use  ^e  F-15  jet 
for  launching  from  the  upper  atmospheric  layers  special  self-gui  g> 
sta^elTssiles  designed  to  destroy  satellites.  The  system  is  to  be  deployed 

in  1987. 
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This  system  frequently  referred  to  by  the  Western  press  as  first  signs  of 
an  arms  race  in  outer  space  can  indeed  entail  irreparable  consequences. 
Sober-minded  U.S.  politicians  have  warned  that  should  the  United  States  go 
further  along  this  track  and  continue  testing  the  new  antisatellite  system, 
the  Soviet  Union,  which  in  August  1983  announced  a  moratorium  on  all  launches 
of  antisatellite  weapons  in  outer  space,  will  resume  testing  its  systems  and 
will  develop  effective  antisatellite  arms  of  its  own.^  This  will  force  the 
United  States  to  upgrade  its  system,  and  the  arms  race  in  outer  space  will 
go  unabated. 


As  far  as  further  possible  developments  are  concerned,  the  American  press 
has  suggested  a  number  of  "scenarios"  along  the  following  lines:  first  one 
side  to  be  followed  by  the  other,  or  the  two  sides  simultaneously  develop 
antisatellite  weapons  capable  of  attacking  spacecraft  both  at  high  and  low 
altitudes,  thus  posing  a  threat  to  early-warning  satellites,  i.e.,  satellites 
designed  to  detect  ICBM  launches.  Then  the  other  side  either  develops  a  system 
capable  of  attacking  the  enemy's  new  antisatellite  weapons  system  or  produces 
a  combat  space  station  capable  of  defending  satellites.  Or  it  may  create 
both.  Then  the  other  side  devises  a  system  to  attack  this  weaponry  of  the 
enemy.  And  the  story  repeats  itself  all  over  again. 

This  may  not  be  the  exact  picture  of  what  the  technological  developments  might 
be  should  the  American  antisatellite  system  become  operational.  The  "scenarios" 
mentioned  above,  however,  are  undoubtedly  correct  in  showing  the  logical  chain 
of  possible  events,  for  this  was  the  pattern  of  the  arms  race  in  other  spheres. 

In  any  case,  having  commenced  this  January  testing  of  the  F-15  based  anti- 
satellite  system,  the  United  States  is  already  engaged  in  the  development 
of  more  sophisticated  antisatellite  systems,  including  those  with  laser 
weapons  for  instantaneous  destruction  of  the  other  side's  space  targets. 

Getting  ready  for  large-scale  use  of  outer  space  for  military  purposes,  the 
United  States  is  working  on  command  and  control  of  combat  operations  in  and 
rom  outer  space.  To  this  end,  a  space  command  has  been  set  up  within  the 
U.S.  Air  Force.  The  Joint  Chiefs  of  Staff  is  strongly  in  favour  of  setting 
up  a  joint  command  of  the  Army,  Navy,  Air  Force,  and  Marine  Corps  to  exercise 
control  over  military  activities  in  outer  space  and  is  working  in  this  direc¬ 
tion.  This  command  is  to  control  the  flights  of  military  satellites,  the 

military  space  Shuttle  programmes,  and  the  use  of  space-based  antisatellite 
and  antimissile  weaponry. 


These  are  still  preliminary  efforts.  The  major  goal  lies  ahead.  Outer  space 
IS  viewed  by  American  strategists  as  a  medium  for  deployment  of  entirely  new 
weapons  systems  components  which,  combined  with  ground-based  arms,  nuclear 
in  particular,  would  finally  give  the  United  States  the  long-awaited  "absolute 

military  superiority"  in  the  world  and  bring  it  recognition  as  a  major  "star 
power.” 


In  recent  years,  a  group  of  U.S.  hawks  under  the  ideological  guidance  of  the 
father  of  the  American  H-bomb,"  Edward  Teller,  whose  misanthropic  philosophy 
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has  brought  him  world-wide  notoriety,  has  been  vigorously  advocating  the 
developmLt  of  these  new  space-based  systems.  Moreover,  these  people  are 
wording  hard  to  subordinate  the  current  U.S.  space  efforts  to  these  aims 
In  particular  great  hopes  are  being  places  on  the  manned  spacecraft  Shu. 
p^ora-e.  AltLugh  the  Shuttle  progrannne  was  launched  under  the  auspice 
of  the  National  Aeronautics  and  Space  Administration,  most  of  ^he  launches 
have  military  missions.  Shuttle  spacecraft  are  tested  for  placing  i 
and  creating  there  military  satellites  and  space  stations,  or  tes  ing 
Zsev  iTdalce  and  destruction  systems,  and  for  direct  use  against  the  other 
side's  satellites.  The  military  believe  that  the  technological  evolution 
if this  field  will  pave  the  way  to  powerful  orbital  combat  stations  with  ray 
weapons  designed  to  destroy  targets  in  outer  space  and 

technology  makes  it  possible  to  develop  space-based  arms  to  be  used  for  ^irec 
attacks  a^inst  land-based  command  and  control  facilities,  military  and  economic 
installations,  and  populated  areas. 

This  line  of  the  U.S.  military- industrial  complex  at  large-scale  use  of  outer 
soace  for  military  purposes  has  acquired  a  new  dimension  after  Presiden 
kLgan's  televised  address  on  March  23,  1983.  His  much  advertised  pronounce¬ 
ment  heralded  in  significant  yet  rather  vague  terms  a  "new  military  concept 
TaLd  on  the  use  of  outer  space  for  deployment  of 

systems.  The  President  was  apparently  seeking  propaganda  effects,  for  he 
cllled  the  nation  to  focus  its  efforts  on  creating  the  "means  of  rendering... 
nuclear  weapons  impotent  and  obsolete. 

From  further  clarifications  and  amendments  made  by  official  spokesman  it  can 
be  deduced  that  Washington  will  work  on  its  new  space  programmes 
quently,  seeks  funds  for  them  under  the  guise  of  these  programmes  creating 
^  ^  _ —  states. 


an 


itly,  seei^s  j.Liinao  o-wi.  - -  -  .  j  n.*.  *. 

'absolutely  reliable"  antimissile  defence  of  the  United  States. 


An  ad  hoc  commission  was  even  set  up  on  the  President's  instruction  in  March 
1983  so  as  to  explore  possible  ways  of  using  lasers  with  different  sources 
of  energy  and  focussing  mirrors  for  targetting  particle  beams  on  board  of 
orbital  stations.  The  American  press  reports  that  late  last  year  e 
Security  Council  heard  a  secret  report  produced  by  the  commission  and  decid 
to  speed  up  the  work  in  this  direction. 

To  stir  up  a  propaganda  hullabaloo,  occasional  information  "leaks"  are  staged 
about  the  commissiL's  work.  These  "leaks"  are  widely  commented  on  by  _ 
noliticians  scientists,  and  columnists.  Periodically,  the  American  scientific 
press  holds’discussions  of  the  advantages  and  "hort-comings  of  various  sources 

of  laser  beams  which  could  be  deployed  in  outer  space  as  well  as  of  the  ways 
and  means  of  implementing  different  parts  of  the  future  programme. 

Obviously,  what  is  meant  is  the  creation  of  an  attack  system  capable  of  dis- 
criminately  destroying  the  enemy's  ICBMs  and  SLBMs  by  space  weapons  based 
on  transmission  of  energy  of  electromagnetic  waves  or  particle  beams  over 
large  distances.  The  programme  is  said  to  become  operational  within  20  to 

25  years. 
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Officially,  the  research  efforts  currently  underway  in  the  United  States  within 
the  framework  of  the  space  antimissile  defence  programme  are  not  related  to 
the  antisatellite  weapons  programme.  Some  American  observers,  however,  cor¬ 
rectly  point  out  that  the  technologies  required  by  the  most  sophisticated 
antisatellite  weapons  systems  are  very  much  similar  to  those  which  are  needed 
to  bring  down  ballistic  missiles.  Therefore,  the  logic  of  the  arms  race  of 
antisatellite  weaponry  opens  up  broad  opportunities  for  the  proponents  of 
"star  wars"  who  will  seek  to  drag  their  programmes  through  the  back  door  should 
they  find  themselves  banished  from  the  front  gate. 

Naturally,  any  antimissile  defence  system  will  be  meaningful  only  if  it  100- 
percent  effectively  covers  the  entire  country's  territory.  The  present  nuclear 
missile  arsenals  are  so  large  that  even  if  the  smallest  faction  of  missiles 
succeeds  in  penetrating  the  enemy's  antimissile  defence,  it  is  capable  of 
producing  "unacceptable  damage"  to  the  other  side,  to  use  American  terminology 
Can  there  be  an  absolute  ABM  system? 

The  entire  progress  of  military  technology  from  the  Stone  Age  to  modern  times 
gives  us  the  definite  answer  that  there  is  and  can  be  no  such  a  thing  as  an 
absolute  defence  capability.  Both  defensive  and  offensive  weapons  have  always 
been  developing  as  a  single  whole. 

Moreover,  the  emergence  of  defence  capability  prompts  the  other  side  to  accel¬ 
erate  the  development  of  counter-measures.  Who  knows,  perhaps,  the  space 
ABM  system,  currently  under  discussion  in  the  United  States,  is  a  unique  excep¬ 
tion  to  the  rule?  Or  the  present  level  of  science  and  technology  has  finally 
made  it  possible  to  create  such  an  absolutely  impenetrable  shield?  No  and 
again  no.  Note  even  the  most  zealous  proponents  of  the  new  American  programme 
are  to  claim  this.  In  the  course  of  the  discussion  around  the  proposed 
programme,  American  experts  mention  dozens  of  ways  and  means  which  can  make 
the  system  ineffective.  Here  are  some  of  them: 


destruction  of  space-based  antimissile  defence  stations  by  ground-  sea-  air 
or  space-based  ballistic  missiles;  ^  ^ 


destruction  of  these  stations  by  powerful  ground-based  lasers 


emplacement  in  the  orbit  of  antimissile  defence  space  stations  of  obstacles 
moving  in  such  a  way  that  their  relative  speed  is  high  enough  to  make  space 
s tat ions  inoperative ; 


false  missile  launches  for  the  destruction  of  which  space-based  ABM  stations 
Will  use  out  their  energy  reserves; 


emplacement  of  mirror-like  coating  on  the  missile  surface  capable 
laser  beams; 


of  reflecting 


disruption  of  radio  communications  between  space  stations  and  ground-based 
command  and  control  facilities,  etc. 
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these  or  other  ways  and  means  of  penetrating  the  space  antimissile 

..  .e  -r  - 

system, 

Tn  this  case  why  should  such  an  expensive  system  be  created  at  all 
Ln^t  prevent  tL  enemy's  missiles  from  reaching  the  protected  territory? 

The  thing  is  that  all  the  talk  about  the  defensive  nature  of  the  new  system 

to  strike  first.  But  these  vehicles  can  effectively  be  used  if  the  first 
strike  is  contemplated^by  3;,^:.ra:edTnrimfssnr  ^ 

t::tr:i!rre;ri:e^:h2  rovreiTnL:^:f  ft:  capability  to  retaliate  and  thus 
will  disarm  it  in  face  of  the  American  nuclear  threat. 

Thus  the  new  USA's  space  weapons  programme  fits  well  in  its  first  nuclear 
ftfike  d:c::ine.  NO  matter  what  a  "defensive"  tag  is  affixed  to  this  system, 

it  has  been  conceived  as  an  aggressive  weapon.  This  destroying 

fact  that  in  future  combat  stations  of  this  system  can  be  used  for  ^estroyi  g 
!round-based  targets,  in  particular  command  and  control  fncUlties  that  is, 
fr"bllStng"  tL  eUy  prior  to  delivering  the  first  strike  at  him. 

These  are  the  American  strategists'  calculations.  It 

to  talk  about  the  fate  of  similar  calculations  in  the  past.  All  the  Present 
schemes  to  achieve  military  superiority  over  the  Soviet  Union  are  doomed 
failure.  The  USSR  will  never  let  this  happen  and  will  never  ace  any 

unarmed. 

Should  the  United  States  start  down  the  dangerous  road  of  practical  deployment 
ef  :pa:fweapons  system,  this  will  seriously  damage  the  overall  military 
strategic  :tability.  While  evaluating  the  possible  consequences  of  the  in  r 
duction  of  a  large-scale  space  weapons  system  many  American  experts^  an 
Doliticians  take  note  of  the  fact  that  its  creation  would  consideraoly  com¬ 
plicate  the  already  cumbersome  and  fragile  mechanism  of  strategic  balance 
between  the  USSR  and  the  USA  and  would  enhance  the  risk  of  tragic  errors 
decision-making  in  a  crisis  situation. 

Suffice  it  to  recall  that  this  is  not  for  the  first  time  that  the  issue  of 

antimissile  defence  system  of  the  United  States  has  appeared  on  the  agenda. 
U  las  an  acute  controversy  throughout  the  1960s  when  the  military- rndustrral 
complex  put  forward  the  idea  of  creating  first  the  Sentinel  and  then  the 
Safeguard  ABM  systems.  In  both  cases  the  advocates  of  an  antimissile  defenc 
sj  tS  w.rf  trJLg  to  profit  by  the  psychological  appeal  of  the  Idea  to  Provide 
Jrorectlon  against  nuclear-missile  weapons  The  f  -eating  an  Am  ^ 

system,  however,  was  strongly  opposed  by  the  then  (1961-1'J68)  ■-  J 

Defense  Robert  McNamara,  some  influential  Senators,  like  James  Wi.li 
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Fulbright,  Michael  Mansfield,  Frank  Church,  Charles  Percy,  James  Symington, 
etc.,  and  a  group  of  ranking  experts  on  strategic  weapons— Herbert  York,  Jerome 
Wiesner,  George  Kistiakowski ,  Wolfgang  Panofski,  and  George  Rathjens. 

Their  arguments  against  an  antimissile  defence  system  were  similar  to  those 
advanced  today.  First  of  all,  they  emphasized  the  tremendous  destabilizing 
strategic  effect  of  these  "defensive"  weapons.  Equally,  the  fabulous  potential 
costs  of  each  proposed  system  were  mentioned.  At  that  time  experts  were 
thinking  of  the  maximum  cost  of  the  most  reliable  system  from  $40,000  to  $50,000 
million.  Today,  these  figures  appear  rather  modest,  for  estimated  costs  of 
the  space-based  ABM  system  go  beyond  the  one  trillion  mark.  Finally,  the 
opponents  critisized  both  proposed  systems  as  vulnerable  in  military  terms. 
Robert  McNamara,  for  example,  arrived  at  the  following  conclusion:  "...It 
is  important  to  understand  that  none  of  the  systems  at  the  present  or  foresee¬ 
able  state  of  the  art  would  provide  an  impenetrable  shield  over  the  United 
States . 


The  struggle  over  the  ABM  issue  ended  with  the  conclusion  on  May  26,  1972, 
of  the  Soviet-American  Treaty  on  the  Limitation  of  Anti-Ballistic  Missile' 
Systems.  Thus,  the  United  States  renounced  the  creation  of  a  large-scale 
antimissile  defence  system.  Article  I  of  the  Treaty  reads:  "Each  party  under¬ 
takes  not  to  deploy  ABM  systems  for  a  defence  of  territory  of  its  country 
and  not  to  provide  a  base  for  such  a  defence."  According  to  the  Treaty  and 
the  joint  Soviet-American  statement,  signed  on  November  24,  1974,  both  parties 
have  the  right  to  protect  with  an  ABM  system  only  one  region  of  their  territories 
with  a  radius  of  150  kilometers. 


us,  the  very  idea  of  creating  a  space-based  antimissile  defence  system  amounts 
at  least  to  the  intention  to  violate  the  1972  Soviet-American  Treaty.  Moreover 
if  this  idea  is  translated  into  life  it  will  directly  violate  the  Treaty  Article 
V  of  which  specifically  emphasizes  the  intention  of  both  sides  "not  to  develop 
test,  or  deploy  ABM  systems  of  components  which  are  sea-based,  air-based 
space-based,  or  mobile  land-based."  By  the  way,  the  Treaty  is  not  limited 
in  time  (para  1,  Article  XV). 

The  U.S,  efforts  aimed  at  large-scale  use  of  outer  space  for  military  purposes 
affected  the  heated  discussion  of  the  issue  of  preventing  the  militarization 

/hich  took  place  at  the  38th  Session  of  the  UN  General  Assembly 
in  1983.  A  solid  basis  for  this  discussion  was  provided  by  the  Soviet  initia¬ 
tive  to  conclude  a  Treaty  on  the  Prohibition  of  the  Use  of  Force  in  Outer 
Space  and  from  Space  Against  the  Earth.  Explaining  its  reasons,  the  Soviet 
Union  emphasized  that  it  was  guided  by  the  desire  to  prevent  the  militarization 
of  outer  space  and  to  erect  reliable  obstacles  to  various  schemes  of  developing 
and  deploying  space  weapons  systems  capable  of  destroying  both  space-  and 
ground*“based  targets . 

Guided  by  the  same  desire,  the  Soviet  Union  proposed  at  the  United  Nations 
in  1981  to  conclude  a  Treaty  on  the  Prohibition  of  the  Stationing  of  Weapons 
of  Any  Kind  in  Outer  Space.  This  proposal  was  approved  the  General  Assembly. 

The  U.S.  stand  on  the  issue,  however,  blocked  the  elaboration  of  the  Treaty. 
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and  of  eliminating  the  existing  systems. 

Considering  that  many  Western  states  spoke  out  the 

on  antisatellite  systems,  the  Soviet  delegation  at  the  38th  Session  ot  t 
UN  General  Assembly  declared  the  Soviet  ^i^e's  readiness  also  to  conduct 
if  this  is  deemed  helpful,  individual  negotiations  on  antisatellite  systems, 
including  on  a  bilateral  basis  with  the  United  States. 

Many  delegations  supported  the  Soviet  proposal  and  denounced  the  U.S.  plans 
rrLrnf.Lr  snace  for  military  purposes.  A  Swedish  representative  said: 

tKt  hU  country  did  not  bolleve  that  the  antimlaalle  ray  weapons 
would  ensure  stability  in  the  world. ^  His  Indian  counterpart  drew  the  dele¬ 
gates'  attention  to  the  fact  that  a  new  menacing  threat  was^looming  larg 
on  the  horizon— the  threat  of  the  arms  race  in  outer  space. 

The  38th  Session  of  the  UN  General  Assembly  adopted  a  resolution  in  which 
the  Cor^ittee  on  Disarmament  is  requested  to  start  negotiations  on  the  conclu¬ 
sion  Tan  agreement  or  agreements  on  the  prevention  of  an  arms  race  in  all 
its  alels  in  outer  spac^  with  due  regard  of  the  Soviet  draft  treaty  on 

isLe.  The  resolution  was  supported  by  147  ““"J’ 

the  United  States,  voting  against.  It  is  noteworthy  that  ^he  U.S.  allies, 

except  Britain  which  abstained,  supported  the  resolution. 

stand  was  Influenced  by  the  fact  that  the  new  U.S.  space  schemes  do  not  take 
into  aTunt  the  security  interests  of  its  allies  but  run  counter  to  them 
Whereas  the  new  American  space  arms  program  is  allegedly  designs  a  eas 
lessen  a  retaliatory  Soviet  strike  after  a  U.S.  first  nuclear  strike,  it 
totally  loses  any  illusorily  "defensive"  meaning  as  regards  America  s  allies. 

While  I  "space  umbrella,"  though  a  holey  one,  will  even 

the  USA  its  allies  can  hardly  count  even  on  such  a  cover.  After  all, 
from  a  purely  technical  point  of  view  the  interception  of  medium-range  missiles 
is  undoubtedly  a  more  complex  matter  than  the  interception  of  intercontinental 

missiles . 

Thus  there  is  only  one  sensible  alternative  to  the  arms  race  in  outer  space- 
“goh.tlons  on  a/.groen.ent  or  agreement,  which  must  avert  this  dangerous 
course  of  developments.  This  issue  appears  on  the  agenda  of  the  Geneva 
Conference  on  Disarmament  (till  1984  the  Committee  on  Disarmament)  which 
resurd  Its  work  In  early  February.  In  the  past  the  states  used  to 

block  such  negotiations  there.  If  it  continues  this  line,  the  United  States 
will  put  itself  against  the  entire  international  community. 

The  UN  General  Assembly  also  decided  that  the  issue  on  the  prevention  of  the 
militarization  of  the  outer  space  would  be  discussed  by  the  UN  Committee  on 
the  Peaceful  Uses  of  Outer  Space. 
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Addressing  the  constituency  of  the  Kuibyshevsky  electoral  district  of  Moscow 
on  March  2,  1984,  Konstantin  Chernenko  emphasized  that  the  United  States  could 
contribute  greatly  to  stronger  peace  by  accepting  an  agreement  renouncing 
the  militarization  of  outer  space.  "As  is  well  known,  the  USSR  has  long  been 
proposing  this." 

With  the  presidential  elections  approaching,  the  U.S.  Administration  has  been 
giving  itself  off  of  late  as  a  "peace-maker,"  making  assurances  of  its  desire 
for  a  dialogue  with  the  Soviet  Union.  However,  these  assurances  are  fully 
contradicted  by  its  practical  actions,  including  those  in  the  sphere  of  the 
militarization  of  outer  space.  Submitting  on  March  31,  1984,  a  report  to 
Congress  on  Administration  policy  on  control  of  antisatellite  systems.  President 
Ronald  Reagan  stated  in  a  covering  letter  that  he  was  against  entering  into 
official  international  neogtiations  on  this  issue.  Thus,  though  declaring 
its  desire  for  "dialogue  in  general,"  the  U.S.  Administration  rejects  this 
dialogue  as  soon  as  it  comes  to  concrete  questions. 

In  a  bid  to  justify  this  refusal,  the  U.S.  President  alludes  to  the  "consid¬ 
erable  difficulties"  Involved  in  the  verification  of  compliance  with  measures 
in  regard  to  antisatellite  weapons.  These  notorious  "verification  difficulties" 
have  long  become  a  traditional  excuse  for  the  USA  for  sidestepping  disarmament 
measures.  In  the  said  instance  such  allusions  are  particularly  odious,  inasmuch 
as  the  antisatellite  systems  have  not  yet  passed  the  testing  stage,  and  it 
is  common  knowledge  that  it  is  far  simpler  to  reach  agreement  on  measures 
to  limit  armaments,  including  verification  of  these  measures,  before  these 
armaments  are  tested,  perfected,  put  into  production  and  deployed. 

Incidentally,  having  released  this  "camouflage  smoke,"  the  U.S.  Administration 
is  in  effect  acknowledging  both  in  the  covering  letter  and  the  report  itself 
that  the  United  States  does  not  want  a  ban  on  antisatellite  weapons,  since 
it  needs  them  to  keep  Soviet  satellites  in  its  sights.  "Quite  bluntly  and 
frankly-- they  do  not  want  to  negotiate,"  was  how  Konstantin  Chernenko  evaluated 
this  position  of  Washington  in  a  PRAVDA  interview.  To  sweeten  the  pill,  Ronald 
Reagan  has  made  vague  promises  to  study  a  number  of  alternatives  in  arms  con¬ 
trol  in  outer  space,  meaning  possible  negotiations  with  the  Soviet  Union, 
if  such  negotiations  serve  the  interests  of  the  United  States.  This  stipula¬ 
tion  is  highly  characteristic:  the  current  Administration  unambiguously 
interprets  "U.S.  interests"  to  mean  "military  superiority  for  the  USA,"  and 
it  is  evidently  for  this  reason  that  it  does  not  consider  it  necessary  to 
speak  of  the  possibility  of  mutually  acceptable  decisions.  As  to  the  alterna¬ 
tives  themselves,  it  is  clarified  that  the  United  States  is  "studying  the 
possibility"  of  individual  "more  modest  versions"  of  limitation  "on  a  selective 
basis"  of  specific  types  of  space  weapons  systems  and  activity  in  outer  space. 

Meanwhile,  at  the  Geneva  Conference  on  Disarmament  the  USA  continues  to  block 
the  start  of  talks  on  averting  an  arms  race  in  outer  space.  This  American 
stand  is  evoking  increasing  criticism  in  many  countries,  Western  ones  included. 
The  world  is  increasingly  coming  to  realize  the  danger  to  all  nations  and 
states  emanating  from  the  imperialist  course  of  the  United  States,  which  is 
intent  on  turning  outer  space  into  a  new  arms  race  arena. 
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The  adoption  of  practical  measures  to  eliminate  this  danger  cannot  be  put 
off.  Accord  in  the  prevention  of  the  militarization  of  outer  space,  along 
with  other  measures  in  arms  limitation  and  disarmament,  could  help  normalize 
the  international  situation  and  reduce  the  threat  of  the  catastrophe  of  war 


FOOTNOTES 


1.  THE  WASHINGTON  POST,  Oct  16,  1983. 

2.  The  Soviet  Union  has  pledged  not  to  be  the  first  to  place  any  antisatellite 
weapons  in  outer  space.  In  other  words,  it  has  unilaterally  introduced 

a  moratorium  on  such  launches,  which  will  be  in  effect  throughout  the 
time  other  states,,  the  United  States  included,  refrain  from  placing  in 
orbit  antisatellite  systems  of  any  type. 

3.  Address  made  before  the  annual  convention  of  United  Press  International 
editors  and  publishers  at  San  Francisco,  California,  on  September  18,  196/. 

4.  See  UN  Doc.  A/C.  1/38/PV.4  of  October  18,  1983. 

5.  See  UN  Doc.  A/C.  1/38/PV.13  of  October  25,  1983. 
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KRASNAYA  ZVEZDA  COMMENTARY  ON  U.S.  MILITARY  SPACE  POLICY 
Moscow  KRASNAYA  ZVEZDA  in  Russian  23  May  84  p  3 
[Article  by  Col-Engr  M,  Rebrov:  "Adventurism  in  Space"] 

[Text]  Star  Wars,"  "Armadas  of  Battle  Stations  in  Space,"  "Project  *  Talon 
Gold*,"  "Laser  Duel,"  "High  Frontier,"  "Defense  of  Our  Freedoms"— these  are  on¬ 
ly  part  of  the  names  of  projects  that  are  being  nurtured  in  the  militaristic 
circles  in  Washington  and  financed  generously  by  the  administration.  In  the 
last  2  decades,  $50  billion  has  been  spent  on  military  space  programs  and  al¬ 
most  another  $15  billion  is  planned  to  be  spent  in  the  near  future.  The  reason 
is  this:  "...the  frontiers  of  American  vital  interests  now  lie  in  the  depths 
of  space — ,"  "...the  Soviet  military  threat  must  be  eliminated." 

The  head  of  state  goes  on  television.  His  words  sound  grandiloquent,  even  if 
somewhat  theatrical:  "Let  me  share  with  you  a  dream  of  the  future  that  prom¬ 
ises  hope.  The  orator  pauses  and  then  continues:  "It  is  that  we  are  starting 

on  a  program  to  counteract  the  dangerous  missile  threat  with  facilities  that 
are  defensive  ones." 

President  Reagan  intentionally  stressed  the  words  "dangerous"  and  "defensive," 
obvious  calculating  that  the  cost  figures  for  his  projects  that  he  then  cited 
would  not  seem  so  high.  However,  the  President’s  reasoning  about  a  "defensive 
space  shield,"  his  "peace-loving"  rhetoric  and  "political  maneuvering"  was  not 
able  to  distract  soberly  thinking  Americans  from  the  main  question.  It  was  al¬ 
so  asked  in  the  pages  of  THE  NEW  YORK  TIMES  by  a  member  of  the  House  of 
Representatives  from  California,  Democrat  Fortney  Stark:  "If  the  Soviet  Union 
were  the  first  to  put  such  a  system  in  place,  would  we — like  President  Reagan — 
regard  it  as  a  defensive  step  that  does  not  threaten  our  security?"  And  the 
same  congressman  answered:  "Of  course  not!" 

Another  member  of  the  US  Congress's  House  of  Representatives,  M.  (Livayn) ,  came 
out  with  the  demand  that  the  White  House  abandon  its  military  adventures  in 
space  immediately.  "We  stand  on  the  threshold  of  a  new  round  in  the  arms 
race,  he  announced,  pointing  out  the  total  flimsiness  of  the  President's 
statements  that  the  large-scale  system  being  created  by  the  Pentagon  is  alleg¬ 
edly  for  defensive  purposes . 

The  militarization  of  space  that  is  being  carried  out  by  the  Pentagon  with  the 
full  support  of  the  present  American  administration  is  causing  sharp  protests 
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in  different  countries  throughout  the  world,  including  the  United  States.  This 
is  indicated  by  a  letter  from  the  eminent  American  scientists  R.  Garvin  and 
C.  Sagan  to  K.U.  Chernenko,  general  secretary  of  the  CPSU  Central  Committee  and 
chairman  of  the  Presidium  of  the  USSR  Supreme  Soviet.  However,  in  Washington 
they  are  ignoring  these  sensible  warnings  and  continuing  to  work  on  "star  wars" 
scenarios,  introducing  all  new  characters  and  subjects  in  them  all  the  time. 
Lieutenant  General  G.  Abrahamson,  who  was  recently  named  as  director  of  the 
program  for  the  creation  of  the  antimissile  defense  system  with  space-based  el¬ 
ements,  said  that  "President  Reagan's  concept  includes  not  only  the  United 
States  and  its  allies,  but  also  the  neutral  countries  of  Europe."  That  means 
that  others  are  being  drawn  into  this  adventure  in  space. 

In  Washington  not  too  long  ago,  an  announcement  was  made  about  the  creation  of 
a  "special  space  technology  center,"  which  has  been  ordered  to  give  special  at¬ 
tention  to  the  most  recent  technology  for  the  purpose  of  developing  military 
systems  for  use  in  space.  The  veil  of  "decency"  has  also  been  raised  over  a 
special  space  station  in  which  the  Pentagon  is  extremely  interested.  "This 
Hollywood  version,"  noted  the  WASHINGTON  POST,  "differs  considerably  from  the 
manned  spacecraft  that  Ronald  Reagan  sanctioned  to  be  built. 

No  matter  how  refined  Western  propaganda  becomes  in  its  attempts  to  justify  the 
"philanthropic"  aspirations  of  the  chief  in  the  White  House,  a  fact  remains  a 
fact:  the  space  antimissile  system,  as  it  is  contemplated  in  Washington,  is 

intended  not  only  to  destroy  the  "enemy's"  satellites  and  missiles  after  they 
are  launched.  Strategists  in  the  Pentagon  are  also  hoping  for  impunity  during 
the  infliction  of  a  first  (!)  strike. 

The  falsity  of  Reagan's  position  is  also  refuted  by  the  opinion  of  D.  Pike,  a 
member  of  the  Federation  of  American  Scientists,  that  antisatellite  weapons  are 
"a  key  element  of  a  first  strike  potential."  In  a  word,  the  "space  shield"  is 
an  attempt  to  cover  up  the  "nuclear  sword."  And  all  of  this  is  being  done  in 
an  atmosphere  of  hysteria  and  quite  tiresome  verbiage  about  an  imaginary 
"Soviet  military  threat."  As  far  as  a  war  in  space  is  concerned,  as  R.  Garvin 
announced,  it  is  not  an  alternative  to  war  on  Earth  but  a  prelude  to  it. 

Militaristic  hysteria  cannot  be  covered  up  with  a  blanket  of  cheap  demagoguery. 
All  of  Reagan's  arguments  about  "peaceful  aspirations"  are  lost  among  the  reve¬ 
lations  of  the  President's  assistants.  G.  Keyworth  confirms  that  space  weap¬ 
ons  to  fight  Soviet  satellites  can  be  ready  as  early  as  the  end  of  the  1980' s, 
and  Pentagon  representatives  participating  in  flights  in  shuttle  craft  under 
the  "Space  Shuttle"  program  declare  that  "space  is  a  place  from  which  the  whole 
world  can  be  kept  in  fear."  That  is  the  essence  of  the  "defensive"  concept. 

Man's  subjugation  of  space  and  assault  on  its  depths,  his  attack  on  nature's 
secrets,  and  the  use  of  space  and  rocket  technology  in  the  interests  of  Earth's 
peoples  and  in  the  name  of  science  belong  to  that  set  of  problems  that  is  now 
called  "global."  The  meaning  of  this  term  is  not  only  that  the  expanses  of  the 
Universe  are  limitless.  The  main  and  most  essential  point  is  that  the  solution 
of  this  problem  is  of  vital  importance  for  all  living  beings  on  our  planet  and 
all  the  countries  and  peoples  in  the  world,  and  can  be  solved  only  as  the  re¬ 
sult  of  the  joint  efforts  of  all  mankind.  K.E.  Tsiolkovskiy  wrote  about  this 
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as  long  ago  as  the  beginning  of  the  century.  And  when  Yuriy  Gagarin  completed 
his  historic  voyage  in  the  legendary  "Vostok,"  the  entire  world  heard  the  words 
he  addressed  to  all  progressive  mankind:  **We  consider  our  triumphs  in  conquer¬ 
ing  space  to  be  an  achievement  not  only  of  our  people,  but  of  all  mankind.  We 
happily  place  them  at  the  service  of  all  peoples,  in  the  name  of  progress  and 
the  happiness  and  welfare  of  all  people  on  Earth.  We  place  our  achievements 
and  discoveries  not  at  the  service  of  war,  but  at  the  service  of  peace  and  se~ 
curity  for  the  Earth's  peoples." 

All  the  honorable  people  on  this  planet  took  to  heart  these  words ,  in  which 
there  were  an  appeal,  a  vow  and  faith  in  the  intelligence  of  both  this  and  fu¬ 
ture  generations . 

More  than  a  quarter  of  a  century  ago,  the  Soviet  Union  opened  a  way  into  space 
for  mankind.  The  launching  of  the  first  satellites  and  automatic  lunar  sta¬ 
tions  and  Yuriy  Gagarin's  flight  gave  an  unambiguous  and  clear  answer  to  any 
conjectures  about  the  relative  technical  capabilities  and  level  of  development 
of  Soviet  science.  And  in  those  years,  despite  the  definite  advantage  that  the 
USSR  had  over  other  states — the  United  States,  first  of  all — it  was  the  coun¬ 
try  that  came  out  with  the  proposal  to  prohibit  the  use  of  space  for  military 
purposes.  Our  first  action  took  place  in  March  1958,  when  this  question  was 
raised  in  the  United  Nations.  In  subsequent  years  we  continued,  with  the  same 
persistence,  to  undertake  efforts  in  this  direction. 

Our  efforts  were  interpreted  somewhat  differently  by  evil-wishers  in  the  West. 
There  is  certainly  no  sense  in  presenting  all  these  conjectures  here.  They  are 
distinguished  by  a  lack  of  logic ,  a  malicious  tone  and  falsity  of  argumenta¬ 
tion.  Let  us  remind  the  reader  only  that  the  USSR's  position  relative  to  war 
in  space — or  from  space — always  was  and  remains  unambiguously  negative.  And 
this  is  not  because  the  Soviet  people  fear  such  a  war  more  than  others.  This 
position  emanates  from  our  country's  general  and  fundamental  approach  to  the 
problems  of  war  and  peace. 

Examples?  There  are  plenty  of  them.  And  all  of  them  are  manifestations  of 
good  will  and  the  deepest  humanism.  For  instance,  the  Treaty  on  the  Prohibi¬ 
tion  of  Nuclear  Weapon  Testing  in  the  Atmosphere,  in  Space  and  Under  Water, 
which  was  concluded  in  1963  on  the  initiative  of  the  USSR,  placed  outside  the 
law  the  conduct  of  nuclear  test  detonations  in  space. 

The  Treaty  on  the  Principles  of  Activities  of  States  for  the  Investigation  and 
Utilization  of  Space,  Including  the  Moon  and  Other  Heavenly  Bodies  went  into 
effect  on  10  October  1967.  The  contents  of  this  dociiment,  which  many,  many 
countries  have  now  signed,  are  permeated  with  the  idea  of  insuring  the  peaceful 
orientation  of  all  experiments  in  space.  Those  who  signed  the  treaty  took  upon 
themselves  the  direct  obligation  of  entering  space  only  "in  the  interests  of 
supporting  international  peace  and  security  and  the  development  of  inter¬ 
national  cooperation  and  mutual  understanding."  This,  also,  was  an  initiative 
of  the  USSR. 

Further,  the  provisions  of  this  document  concerning  the  complete  demilitariza¬ 
tion  of  space  were  specified  and  developed  in  an  agreement  on  the  Moon  that. 
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again  on  the  initiative  of  the  USSR,  was  worked  out  and  approved  by  the  UN 
General  Assembly  in  1979. 

In  December  1981,  the  UN  General  Assembly  called  upon  the  Committee  on  Dis¬ 
armament  to  begin  talks  and  work  out  an  international  agreement  prohibiting  the 
placement  of  weapons  of  any  kind  in  space.  By  its  own  decision,  the  world  com¬ 
munity  of  nations  supported  the  idea,  as  advanced  by  Soviet  leaders,  of  the  ne¬ 
cessity  of  joint  efforts  in  order  to  achieve  a  great  and  human  goal:  to  make 
the  boundless  ocean  of  space  clean  and  free  of  weapons,  no  matter  what  kind 
they  might  be. 

In  1983,  the  USSR  undertook  a  new  peace  initiative  by  proposing  for  inclusion 
in  the  agenda  of  the  UN  General  Assembly's  38th  Session  the  question  "On  Con¬ 
cluding  a  Treaty  to  Prohibit  the  Use  of  Force  in  Space  and  From  Space  Toward 
the  Earth."  A  draft  of  this  document  was  presented  at  the  same  time.  All  of 
this  received  the  approval  of  the  world  community. 

That  is  the  USSR's  position. 

And  here  is  the  position  the  United  States  has  been  occupying  all  these  years. 
AS  long  ago  as  the  end  of  the  1950 's,  soon  after  the  Soviet  Union  launched  the 
first  artificial  Earth  satellite,  the  United  States  began  developing  anti- 
satellite  weapons  (the  "Saint"  project).  In  April  1959,  the  Pentagon  began 
testing  "Bold  Orion"  antisatellite  missiles,  which  were  launched  from  B  47 
bombers;  1962  saw  the  announcement  of  the  High  Hoe  program,  which  provides 
for  the  use  of  F-4  fighters  as  launching  platforms;  a  year  later,  work  began  on 
the  development  of  an  antisatellite  system  based  on  "Nike-Zeus"  rockets.  More 
was  done  after  that.  By  1977  the  number  of  military  satellites  (intelligence, 
navigational,  special  communications  and  so  on)  exceeded  150.  The  Pentagon^ 
continued  to  increase  the  launch  rate,  and  in  the  last  decade  and  a  half  [sic] 
this  figure,  which  was  not  small  to  begin  with,  rose  to  800.  Now  they  are 
talking  about  hundreds  of  new  "killer  satellites." 

In  Moscow  on  26  May  1972,  the  USSR  and  the  United  States  signed  a  permanent 
treaty  on  limiting  antimissile  defense  systems  that  the  present  US  administra 
tion  is  trying  to  belittle  in  every  way  possible.  Moreover,  the  Soviet- 
American  talks  on  antisatellite  systems  that  were  begun  in  1978  were  broken  off 
by  the  American  side  a  year  later.  And  now  Reagan  is  now  advancing  yet  another 
turn  along  the  arms  race  spiral,  which  is  extending  into  space. 

It  is  a  dangerous  venture. 

"The  Soviet  Union  is  a  resolute  opponent  of  competing  in  a  race  for  any  weap 
ons,  including  those  for  use  in  space,"  emphasized  Comrade  K.U.  Chernenko  in 
response  to  the  appeal  of  the  American  scientists.  "At  the  same  time,  it  must 
be  understood  that  in  the  face  of  a  threat  from  space,  the  Soviet  Union  will  be 
compelled  to  take  measures  in  order  to  guarantee  its  own  security  reliably. 
Calculations  that  the  road  to  military  supremacy  can  be  laid  in  space  are  base 
on  illusions.  However,  they  do  not  wish  to  relinquish  those  calculations,  and 
this  is  fraught  with  extremely  dangerous  consequences.  Preventing  such  a 
course  of  events  while  it  is  still  not  too  late  is  the  direct  duty  of 
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responsible  statesmen,  scientists  and  everyone  who  is  truly  concerned  about  the 
future  of  mankind." 

Space  must  not  become  a  new  sphere  for  military  adventures. 


11746 
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LADNCH  TABLE 


LIST  OF  RECENT  SOVIET  SPACE  LAUNCHES 

Moscow  TASS  in  English  or  Russian  various  dates 


[summary] 

Date 

Designation 

Apogee 

16  Aug  84 

Cosmos-1590 

293  km 

24  Aug  84 

Molniya-1 

40,877  km 

24  Aug  84 


30  Aug  84 


4  Sep  84 
4  Sep  84 


Ekran 


Cosmos- 1591 


Cosmos-1592 

Cosmos-1593, 
-94,  -95 


Orbital  Parameters 
Leee  I Period 


221  km 
467  km 


89.3  min 
12  hrs  17  min 


Inclination 

82.4° 

62.8° 


telegraph  and  broadcast  of  Central  TV  programs  to 
points  in  the  "Orbita"  network) 

35,580  km  —  23  hrs  45  min  0.4° 

(Communications  satellite  for  relay  of  Central  TV 
in  decimeter  band  to  network  of  collective  use 
receivers;  near-stationary,  circular  orbit; 
international  registration  index:  Statsionar-T) 

300  km  220  km  89.4  min  82.3° 

(For  study  of  earth's  natural  resources;  data 
goes  to  State  Research  and  Production  Center 
"Priroda"  for  processing  and  use) 


380  km 


209  km 


90  min 


19,141  km  —  11  hrs  16  min  64.7° 

(3  satellites  launched  by  single  booster;  to  test 
elements  of  a  space  navigation  system  to  locate 
USSR  civil  aircraft  and  ships  of  merchant  and 
fishing  fleets;  near-circular  orbits) 


7  Sep  84 


Cosmos-1596 


39,342  km 


613  km  11  hrs  49  min 


62.8° 
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Date 

Des ignat ion 

Orbital 

Parameters 

Apogee 

Perigee 

Period 

Inclination 

13  Sep  84 

Cosmos-1597 

272  km 

219  km 

89.1  min 

82.3* 

13  Sep  84 

Cosmos-1598 

1,029  km 

987  km 

105.2  min 

o 

CO 

00 

25  Sep  84 

Cosmos- 1599 

275  km 

179  km 

88.7  min 

o 

CM 

• 

CO 

27  Sep  84 

Cosmos-1600 

404  km 

215  km 

90.4  min 

o 

o 

27  Sep  84 

Cosmos-1601 

521  km 

477  km 

94.5  min 

65.8® 

28  Sep  84 

Cosmos-1602 

680  km 

648  km 

97.8  min 

82.5° 

(To  provide  data  and  continue  testing  of  new  types 
of  measurement  equipment  and  methods  of  remote 
study  of  the  world  ocean  and  the  earth's  surface 
in  the  interests  of  science  and  branches  of  the 
national  economy;  data  goes  to  the  State  Scienti¬ 
fic  Research  Center  for  Study  of  the  Environment 
and  Natural  Resources  and  to  autonomous  data 
receiving  points  of  the  State  Committee  for  Hydro¬ 
meteorology  for  processing  and  distribution) 


28  Sep  84 

Cosmos-1603 

877  km 

852  km 

102.2  min 

71.2 

4  Oct  84 

Cosmos- 1604 

39,342  km 

613  km 

11  hrs  49  min 

62.8' 

10  Oct  84 

Cosmos-1605 

1,031  km 

969  km 

104.9  min 

82.9' 

CSO:  1866/24-P  -  END  - 
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